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REPORT OF CITY PLANNING COMMITTEE! 


In its report for this year, your City Planning Committee decided 
to consider only two of the items suggested for study in the report 
given at the last Annual Convention. These two suggestions 
related to the collection of data on the design of water-works struc- 
tures, with the special point in view of making them sightly and 
pleasing, and incidental to this point, in so far as it relates to lands 
around pumping stations, reservoir sites, ete., their use for park 
purposes for the general public. 

In connection with these studies an endeavor was made, as far 
as possible, to ascertain the extra cost involved in arranging the 
structures to conform with aesthetic and park requirements. 

Following out this idea a posteard was addressed to a large num- 
ber of the members of the American Water Works Association, ask- 
ing them to submit photographs and data as to costs along the lines 
suggested. Many such were received and the Committee desires 
to express its appreciation of the assistance rendered it in securing 
photographs and information from members of the Association and 
will appreciate further contributions along the same lines. 

It is believed that the kind of work contemplated for the City 
Planning Committee of the American Water Works Association is 


' Read before the Richmond Committee, May, 1917. The committee sub- 
mitted a large number of views relating to the subject, of which it is practi- 
cable to reproduce but a few. 
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Bluff Cottage—Manager’s Residence 
Public Utilities Co., 
Mt. Carmel, Il, 
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such that a committee on that subject should be continued by the 
Association. 

A special selection from among the photographs and slides has 
been made to illustrate special points relating to this subject. 

Figure 1 submitted by Nicholas 8. Hill, Jr., shows an elevated 
tank in a residential community. The cost of improving the outline 
added $1200 to the cost of a plain tank. The proportionate increase 
is obviously very small and apparently well worth the extra amount 
involved. Almost any community would be willing to spend such 
an amount with the corresponding benefit. 

Figure 2 submitted by Nicholas S. Hill, Jr., shows a standpipe 
which would have marred the landscape of a residential section 
but which was enclosed at an additional cost of about $15,000, as 
shown in figure 3. Residents can hardly object to such a point of 
interest in their landscape. 

A somewhat more elaborate design for a water tower is shown in 
figure 4, submitted by James W. Armstrong, at the Crompton Hill 
Reservoir of the St. Louis Water Works. This tower with its set- 
ting is an exceptional example, perhaps a little ornate, but other- 
wise admirable. 

Another example of special architectural treatment of water 
works structures is shown in figure 5, submitted by James W. Arm- 
strong, showing the Coagulating House, Chain of Rocks, of the 
St. Louis Water Works. The frank incorporation of the tanks 
into the exterior architectural design is much to be commended and 
the interesting design secured demonstrates the general architec- 
tural canon that the essential nature of the structure should be 
displayed and not concealed. 

That care in building design and landscaping is believed advan- 
tageous both by public utility companies as well as municipal com- 
missions, is shown by the statement of P. Barnhard, Manager of 
the Public Utilities Company of Mt. Carmel, IIl., concerning the 
manager’s residence, Bluff Cottage, shown in figure 6, concerning 
which he says, ‘‘It pays to dress up and beautify the surroundings. 
We have had many compliments from both local people and 
visitors.” 

Exceptional views of the possibilities which have been worked 
out along landscape and parking lines are shown in figures 7 and 8, 
submitted by Mr. Armstrong, of a roadway along a hill side in the 
Chain of Rocks Park under the jurisdiction of the St. Louis Water 
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Works, and of the grounds around the settling reservoirs of the 
Cincinnati Water Works at California, Ohio. 

That such parking can be combined with water protection of 
reservoirs even when they are extensively patronized, is shown in 
figure 9, submitted by Mr. Armstrong, of Porter Cove, Spot Pond, 
at Boston, Mass. 

The possibilities of successfully fitting architectural structures 
into the landscape is demonstrated in figure 10, also submitted by 
Mr. Armstrong, showing how the boulder face walls of the gate 
house of the Fells Reservoir at Stoneham, of the Boston, Mass., 
water system fits into the adjacent rocky landscape. 

Another example is illustrated in figure 11, submitted by Nicholas 
S. Hill, Jr. This is “a simple concrete, reservoir gate house with 
good lines, on a main thoroughfare in a high-class residential sec- 
tion.” The architectural treatment added substantially no cost to 
the structure. 

That even such a usually obnoxious structure as a chimney can 
be made relatively innocuous is shown in figure 12, submitted by 
Mr. Hill, illustrating ‘‘a pumping station in the center of a large 
city near the entrance of a park.”’ 

Many other examples might have been cited, those selected being 
believed to represent typical examples. Additional illustrations, 
particularly where the special costs of securing improved results are 
obtainable, will be greatly appreciated by the committee. 


LEAD WOOL* 
By R. J. THomas 


In calling attention to lead wool as a material for calking joints 
in cast iron pipes, the author does not claim to bring up a new sub- 
ject; but it does seem at this time, when the price of pig lead has 
risen so enormously while lead wool has not advanced materially, 
that it is a favorable opportunity to make tests to ascertain whether 
or not it will pay to use lead wool to the exclusion of cast lead. 

The material most used to calk joints in cast iron pipes is cast 
lead. The yarn or oakum is loosely pounded into the bell around 
the spigot and then about 23 inches of cast lead are poured into the 
joint. The lead shrinks when cooling and there is no contact be- 
tween the iron pipe and the upper or bell side of the lead, so that 
it becomes necessary to calk the lead in order to swell it sufficiently 
to close this space caused by shrinkage. It is manifestly impossible 
to pound this lead hard enough to make it expand for more than 
3 inch, leaving about 2 inches of lead which are absolutely useless 
in so far as strength of the joint is concerned. It has some strength 
in holding back the yarn, but for all practical purposes it would be 
just as well to fill the joint with yarn and then run in 3 inch of lead, 
only that this would not give enough metal to expand properly and 
it would be pushed into the spigot rather than expand. 

Every superintendent is familiar with the delays of the melting 
pot; the danger of spilling hot lead, and the waste which comes 
from handling it. The author has seen a melting pot containing 
about 200 pounds of metal from which at least 25 pounds of dross 
had been taken, so that 10 per cent was wasted in this way. He 
has seen trenches held up because it was too cold to pour the joints 
or because rain had filled the bells with water. So without intend- 
ing to disparage the material which has been used for so many 
generations in water works practice, it is believed that there are so 
many points in favor of lead wool that it may pay to discuss the 
subject at this time. 

Assume that a bell-and-spigot joint is a stuffing box and the 


* Read at the Richmond Convention, May, 1917. 
10 
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advantage of the yarn is the flexibility which it gives to the line. 
Now in using lead wool, one of the most essential features is the 
calking of the yarn into the joint as tight as possible. It has been 
said that joints which have been calked with a pneumatic hammer 
and stood a hydraulic pressure of 1800 pounds showed, when the 
joint was cut to demonstrate its character, the yarn bulged up like 
rubber, proving that the whole line must have been under tension 
and that any expansion or contraction could readily have been 
taken up. It therefore seems obvious that the great advantage 
coming from the use of lead wool is due to the fact that as the 
strands of lead wool are pounded into the bell, the compression on 
the yarn is constantly increased and as good an effect is produced 
as by using a rubber packing held in place with a clamp. 

The impression exists that lead wool joints are too expensive to 
make and that the first cost is prohibitive. No doubt a lead wool 
joint cannot compete with a cast lead joint in point of time in mak- 
ing. It can, however, save fully 25 per cent of the lead used, which 
at the present time is quite an item, but it does require more yarn 
and certainly requires more labor to make it satisfactorily than a 
cast lead joint. But consider just what this labor is of which more 
is required. For instance, a gang of calkers laying 36 inch pipe 
can lay 10 or 15 lengths a day. With a cast lead joint these 15 
joints can be poured in an hour, and with a pneumatic hammer 
they can be set back } inch, with two calkers, in eight hours. This 
would give joints without the yarn being compressed and with just 
half an inch of lead holding at the joint. Some of these joints 
at 150 pounds pressure would leak and the chances are that three 
out of fifteen joints would be imperfectly run, and would have to 
be made over. 

If the same joints were made with lead wool it is mani estly true 
that no two calkers can yarn and calk fifteen 36 inch joints in one day 


satisfactorily. The best two calkers can do would be seven joints 


in one day of ten hours, and they would be exceptional workers, 
and five 36 inch joints a day is about the best that two calkers can 
do. It therefore would seem on first observation that with 36 inch 
pipe three times the number of calkers will be required to do the 
work with lead wool as with cast ‘ead. As a matter of fact the 
lines of pipe where 15 lengths of 36 inch pipe can be placed in posi- 
tion in a day are very unusual and it is very rare indeed for the 
average calker to do more than four hours of useful work out of a 
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day of eight or ten hours. The rest of the time he is waiting for 
the lead to melt or the pipes to be put in position or for sundry other 
causes. It is obvious, therefore, that while theoretically it will take 
three times as long to make the lead wool joint, practically this is 
not the case. When it is considered that the lead wool joint will 
be capable of standing a hydraulic pressure even as high as 3600 
pounds to a square inch, that the yarn will be under compression, 
and that the leakage from breaks will probably be eliminated, there 
is an advantage in favor of the lead wool joint which cannot be too 
strongly insisted upon. 

The author wishes to quote here from the report of Committee 
on Cast Iron Pipe Joints (1915) of the American Gas Institute, 
Mr. Walton Forstall, author: 


The joints were made with 20-inch special bells and tested in a testing 
machine of 500,000 pounds capacity at the University of Pennsylvania and 
were subjected to alternate compression and tension. The tests were based 
on the fact that a 20-inch cast iron main underground subjected to a tempera- 
ture change of 30° would be stressed 125,000 pounds and would be subjected 
to alternate compression and tension due to the seasonable changes. In 
these tests the joints were made up as carefully as possible, the bells being of 
the standard A. G. I. depth. During the alternate compression and tension 
stresses placed on the joint, air pressure of from 2} to 4 pounds was kept on 
the joint and they were tested for leaks by using a trough made of putty 
around the joint and filling the trough with water. This was a more positive 
method of testing than with soap suds. 

The cement joint, which was made in the usual way and not according to 
the committee’s specification, as this work was undertaken before the final 
specification was prepared, failed under a tension strength of 40,000 pounds, 
approximately one-third the safe load. The cast iron joint made with the 
standard method with yarn and cast lead properly calked failed after six | 
reversals at about 25,000 pounds. Lead wool joints with 1 inch, 1} inches 
and 1} inches of lead wool calked with a pneumatic hammer in the usual way 
remained tight for 50 reversals with a maximum of 80,000 pounds tension and 
compression with a movement greater than would be experienced by the 
main underground. 

The combination cement and lead wool joint consisting of back yarn, a 
band of cement which was allowed to set and then lead wool calked in front 
proved to have about the same efficiency as the lead wool and yarn alone. 

These experiments were continued with cement, cast lead, lead wool, and 
combination lead wool and cement with the results that the lead wool or 
combination cement and lead wool, calked with a pneumatic hammer, was 
shown to be the most satisfactory under laboratory conditions. 


It would seem from this report and from the general experience 
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of the gas companies using lead wool, particularly now that the 
price of lead wool is more nearly approaching that of pig lead, that 
this is a good opportunity for water works men to decide whether 
this material shall come into more general use. The author has cited 
its use on 36 inch mains to show just wherein the great diversity of 
cost is most apparent. He would next call attention, to the manner 
in which lead wool has been most successfully employed by the 
Detroit City Gas Works. Its practice is to calk three lengths of 
16-inch pipe together before lowering them into the trench. This 
reduces the cost of bell holes two-thirds and enables the calkers to 
work ahead, so that the pipes are ready before the trench is dug. 
It is said that this was so successfully done in Detroit that more 
than six weeks of time was saved on one pipe line. On 6-inch pipe, 
six lengths may be calked together and the pipe rolled into the 
trench. Generally ropes are employed to lower the pipe, but the 
pipe may be thrown right into the trench without fear of breaking 
the joint. It is then caught up with chain-falls and drawn back to 
fit the bell. It has been said that the calkers working outside of 
the trench do nearly three times the amount of work without fatigue 
as in it, that men seek the job and that their health is so vastly 
improved that the old distaste for calking disappears and the calker 
seeks the job rather than having to be coerced into doing the work. 

The Water Department of Springfield, Mass., laid several years 
ago a line of 42-inch pipe, ‘using lead wool for the joints. Three 
hundred joints were made in all. This pipe, although carrying 150 
pounds pressure, has proved absolutely tight. The Metropolitan 
Water Department of Massachusetts has also laid a line of 42-inch 
pipe, using lead wool exclusively on the joints. 

Lead wool has been before the public for more than ten years 
and the price maintained on it has been due to some patents which 
are now expiring, so that its high price compared with pig lead will 
no longer be so conspicuous. It therefore seems to the author that 
superintendents, engineers and contractors should decide for them- 
selves whether or not the lead wool joint has sufficient merit to 
warrant putting in the extra time which is required to make it, and, 
perhaps, at some greater investment on the first cost. 

The author would quote from a paper by Mr. Walter Hole, pre- 
sented at San Francisco, September, 1915. 


Reasons of greater strength of lead-wool joints. The greater strength of 
the lead wool joint is due to two factors. First, the greater compactness of 
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the yarn backing of the joint. In making a lead-wool joint the yarn is driven 
back by each successive ring of lead wool until it becomes quite compact and 
hard. In the run-lead joint it is more loose and soft. In one case the yarn 
alone will withstand a pressure of 100 pounds per square inch, while in the 
other it will not withstand half as much. In the second place, although the 
run-lead ring may be denser in itself than the lead wool, it does not fill the 
socket so closely throughout its depth. The run-lead is poured into the socket 
recess very hot. On cooling, it contracts and shrinks away from the interior 
surface of the socket. No amount of calking will restore the ring throughout 
its full depth to gas-tight contact with the twoiron surfaces. Under a micro- 
scope the effect of calking could be seen to extend to only ? inch from the 
face of the joint. Compare with this the case of a lead-wool packing, inserted 
and calked up strand by strand in closest possible contact from back to front 
and around the whole circumference of the joint, and it is bound to be the 
more gas-tight and stronger of the two. 

Crystallization of lead ring. Several interesting points in connection with 
a run-lead joint are brought out in the cut [not reproduced]. The section 
taken was from one of the joints tested for specific gravity, and pickled in 
nitric acid to throw up the crystals. The section is exactly 2 inches long and 
the vertical lines divide the joint into four equal portions. In the portion 
at the back of the joint and up to the halfway line the crystals are quite 
normal. Then for ? inch there is an area of disturbed crystals due possibly 
to the presence of vapors and to interrupted crystallization. For } inch 
from the face of the joint the effect of calking is more or less clearly marked. 
The cooling line running horizontally through the center of the lead ring is 
very noticeable for 1 inch from the back, but becomes much less distinct 
towards the face, disappearing altogether as the face of the ring is reached. 
As previously suggested, shrinkage towards the center, which produces such 
a line, is one of the reasons for the essential inferiority of the run lead ring. 


The author will not take up time with considering this material 
for remaking cast lead joints, or stopping leaks, and many other 
things for which it is well adapted. In New England a water works 
superintendent would not feel at ease if he did not have a stock of 
lead wool for repairing leaky joints and making new joints in espe- 
cially bad places. But from what he has read and from observa- 
tion, the author believes lead wool has a broader field of usefulness 
and that it will bear deep study. 
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LEAKAGE FROM VITRIFIED PIPE USED TO CONVEY 
WATER UNDER A LOW HEAD! 


By W. Brusu 


It is frequently of greater value to the water works profession to 
record the troubles that have been experienced than to describe 
work which has satisfactorily met all requirements. The Bureau 
of Water Supply of the Department of Water Supply, Gas and 
Electricity of the City of New York, has had to repair numerous 
leaky joints on a vitrified pipe line that was constructed to deliver 
water under a maximum head of not over 5 pounds per square inch. 
The following description of this pipe line, the leaks repaired, the 
tests made of joint material, and the conclusions reached, may be 
helpful to those who have a similar problem in the future. 

General. The Borough of Richmond had an inadequate and 
unsatisfactory water supply prior to the introduction of the Cat- 
skill water, which was made effective in January, 1917. The aver- 
age daily consumption in the Borough is 12,000,000 gallons. To 
meet the growth in consumption and to lower the overdraft at 
existing stations, an additional supply of some 6,000,000 gallons 
was planned as far back as 1910. A driven well system was to be 
established along what is known as Southfield Boulevard, a broad 
public highway running along the southeasterly side of Staten 
Island. The carrying out of this plan was delayed by various 
causes, and the new development was not completed sufficiently to 
be utilized until the spring of 1915. The plant is briefly described 
as follows: 

The central station, known as the Grant City station, has three 
steam-driven pumps, with a capacity of 12,000,000 gallons, and two 
electric generators. The supply is derived from five groups of wells, 
one located at the central station, with two to the northeast and 
two to the southwest thereof. Electrically driven centrifugal pumps 
draw the water from the wells and deliver it into collecting lines, 
through which it flows to a pump well at Grant City station. The 
four auxiliary stations are operated by power furnished by the 


‘Read before the Richmond Convention, May 10, 1917. 


15 


16 WILLIAM W. BRUSH 


central station, the yield of the individual stations varying between 
750,000 and 3,000,000 gallons daily. For the two southwesterly 
stations, a cast iron distribution main has for the time being been 
used as a collecting main. The two northeasterly stations deliver 
their supply through an 18-inch vitrified pipe line 7460 feet in length. 
This pipe line, where it joins the cast iron line from the southwesterly 
stations, enlarges to a 24-inch vitrified line 557 feet long, which 
extends to the central pump well. Here the water is drawn by the 
steam pumps and delivered into the distribution mains under a 
pressure of about 110 pounds per square inch. 

The department proposed to construct the entire collecting line 
of cast iron pipe, but owing to the short period that would probably 
elapse between the completion of the development and the intro- 
duction of the Catskill water, it was necessary to reduce the con- 
struction cost to a minimum. The utilization of an existing dis- 
tribution main, which was not immediately required to deliver 
water, satisfactorily solved the problem of a collecting line for the 
southwesterly section. The substitution of 18-inch vitrified pipe 
for 16-inch cast iron pipe for the northeasterly section reduced the 
estimated cost from $27,000 to $20,000. At the time the substitu- 
tion of vitrified pipe for cast iron pipe was recommended, I. M. de 
Varona, then chief engineer of the Bureau, noted that a risk of 
excessive leakage was taken, but based upon previous experiments, 
it was concluded that the joints could be made sufficiently water- 
tight to permit the pipe line to serve its purpose satisfactorily. 
There was no fear of the pipe itself being of insufficient strength to 
withstand the pressure, which was estimated at a maximum, under 
working conditions, of about 5 pounds per square inch. 

Vitrified pipe line. The 18-inch pipe was to be the usual sewer 
pipe 1} inches thick, with the depth of hub 3 inches, with a maxi- 
mum variation from these dimensions of 2.5 per cent. The inside 
diameter of the hub was to exceed the outside diameter of the spigot 
by not less than 1 inch nor more than 13 inches. The inside of the 
hub and the outside of the spigot were to be corrugated. The 
specification for forming the joints is as follows: 


After each length of vitrified pipe has been laid and brought to true line 
and grade and the spigot fully entered into the hub, a gasket of packing yarn, 
dipped and saturated in cement grout, which shall have been mixed not more 
than thirty minutes previously, shall be firmly rammed into the joint with a 
hardwood calking tool. . . . . 
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The joint material shall be a compound which shall not deteriorate when 
submerged in fresh or salt water or in solutions slightly alkaline or acid. 
It shall melt and run freely at temperatures not greater than 250°F. It 
shall adhere well to the glazed surface of earthenware pipes. . . 

The hubs and spigots shall be thoroughly cleaned before the joint is penned 
and as dry as reasonably possible. The compound shall be heated in a kettle 
to a temperature of about 400°F. It shall be frequently stirred. Material 
which has once cooled shall not be reheated. . . . . The compound shall 
be poured in a full stream so as to fill the entire space before it becomes cool. 
The gate shall be slightly to one side of the crown of the pipe, and the com- 
pound poured so that it will run in one direction only around the joint. 

The depth of the joint shall be about 2 inches and shall not be less 
than 1? inches. 


The pipe was to be laid to grade on the bottom of the trench, 
except where the earth would not properly support it, when either 
timber or concrete supports were to be furnished. The pipe was 
laid, as far as possible, with a minimum cover of 3 feet. 

This contract was awarded to Joseph Johnson’s Sons at an esti- 
mated cost of $19,209.37, which also included the furnishing, deliver- 
ing and laying of some 1200 feet of cast iron pipe, mainly 20 and 
12 inches in diameter, the construction of the pump well, and other 
miscellaneous work, as well as the vitrified pipe. The price sub- 
mitted for furnishing, delivering and laying the 18-inch vitrified 
pipe was $0.90 per lineal foot; for 24-inch vitrified pipe, $1.25 per 
lineal foot; and for earth excavation and backfilling, $0.50 per cubic 
yard. These were considered fair prices for this portion of the work. 
The contractor was ordered to begin work on September 28, 1914, 
and was allowed seventy-five working days for completion. The 
need of the additional supply was urgent, and the work was prose- 
cuted from early in October until January 16, the pipe laid each 
month being as follows: October, 1540 feet; November, 3016 feet; 
December, 2985 feet; January, 500 feet. 

The cold weather interfered with the work, as did also the water 
in the trench, due to the ground water level being above the pipe 
invert at some places. The contractor selected for the joint com- 
pound an asphaltic mixture known as Filtite A, which was the 
material previously used in tests made by the Bureau and which 
had been successfully used in sewer work in Brooklyn. The labora- 
tory report on a sample of the compound was as follows: 


Examination shows this material to be a compound of asphaltic base with 
petroleum residue containing about 50 per cent of mineral matter. 
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It is apparently unaffected after forty-eight hours immersion in fresh and 
salt water, and in weak acid and alkaline solutions. Previous experiments 
upon similar materials indicate that it will not be materially affected. 
At 205°F. it is a viscous liquid, flowing somewhat slowly, like cylinder oil. 
After two hours exposed to a temperature of 220°F. it loses only 0.1! per 
cent in weight. 


After the contract was completed the following analyses were 
made: 


The following are the results of analyses of three samples of pipe joint 
compound, received at the laboratory April 20, 1915. The samples were 
marked as follows: 

No. 73. Filtite A. Sample of pipe joint compound used on contract 1356; 
sent by order of the Chief Engineer. 

No. 74. Jointite material used at Grant City, 8. I. 

No. 75. Jointite material furnished by the Pacific Flush Tank Company, 
for test at North Portland Avenue Yard, Brooklyn. 

No. 72. For comparison) Filtite, made by Pacific Flush Tank Company, 
taken from barrel on work at Grant City P. S., October 8, 1914, on Contract 
1356. 


NUMBER 
73 


NUMBER | NUMBER 
74 75 


NUMBER 
72 


per cent per cent per cent per cent 


Analysis of compound: 


Clay (ash by ignition).............. 62.07 61.27 54.42 49.73 

Analysis of bitumen: 

29.50 29.67 30.98 


11.61 


The analyses show that the compound is not entirely uniform; the bitumen 
in sample No. 75 is somewhat harder than the others, as shown by the fixed 
carbon. There does not seem to be sufficient difference between the samples 
to account for the failure of the work. 


The engineer in charge of the field work reported that the joints 
were made in accordance with the specifications; that the joints 
were carefully cleaned after the cement saturated yarn was rammed 
into place; that the contractors objected to the use of this yarn, as 
it caused trouble and delay; that the contractors were experienced 
in the use of the joint compound; and that the work was carefully 
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performed in accordance with the specifications. The engineer 
further reported that his examination showed that in spite of the 
careful cleaning of the joints there was evidence that the cement 
adhered to the compound and interfered with the adhesion of the 
asphaltic joint material to the surface of the pipe. 

Leakage at joints. When the laying of the pipe had been com- 
pleted the infiltration of ground water was noticed. The flow was 
gauged at the central pump well in the latter part of February and 
early in March, and found to average during a three-day test 43,470 
gallons per twenty-four hours. This was equivalent to 163 gallons 
per joint per twenty-four hours. The seepage clearly indicated that 
leaks would be found. 

On April 7, this line was placed under test, the head being about 
the working head, and at 22 points in a distance of 1261 feet, water 
showed on the surface. Here the boulevard is on a fill over a swamp 
and the foundation for the pipe is consequently somewhat unstable. 
When the leaky joints were examined the conditions disclosed might 
be described under these three heads: 

First. Where a separation existed between the joint compound 
and the barrel of the pipe or between the joint compound and the 
hub. This separation varied from the merest hair-line opening to an 
amount which would admit the passage of a knife blade. 

Second. Where the joint compound had started to blow out, 
in general more at the bottom of the pipe than at the top, varying 
from the merest indication of starting to cases where pieces of the 
compound were ready to fall out. 

Third. Where the joint at the bottom was entirely blown out. 
In some cases the pieces of joint material were thrown out by the 
laborers in excavating. 

On April 14, the contractor had re-run the leaking joints and on 
April 15, the pipe was again subjected to test by operating both 
pumps in the most easterly station. Fifteen leaks developed on this 
test. After a discussion as to the responsibility of the contractor 
to repair all leaks, under a clause which required a year’s guarantee 
of all the work, he made the repairs, beginning June 4, finding 58 
joints to be replaced. 

Leaks have continued on this line since then up to the shutting 
down of the plant in February, the record being as follows: 
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* End of maintenance period by contractor. 


The contractor made all his repairs by removing the joint mate- 
rial and re-running the joint. The department men tried various 
schemes, the one mainly used being to drive the joint material into 
the hub, calk in lead wool, and then place a concrete block around 
the joint, as shown in figure 1. The repaired joints, in general, 
did not leak again. Practically no trouble was occasioned by split 
pipe, only one or two being found in the whole line. 
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JOINT AS ORIGINALLY MADE JOINT AS REPAIRED 
Fig. 1. Types or Joints 


Experimental tests of joints. In 1912 the Bureau had tested 12- 
inch vitrified sewer pipe, using the G. K. compound and Jointite, 
the latter being the predecessor to Filtite, and practically the same 
material. This test showed the joint would stand 29 pounds per 
square inch. At the same time joints made of plain yarn, with 
yarn soaked in cement grout and with lead wool, gave very unsatis- 
factory results. At an earlier date cement joints poured also leaked 
freely. 
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After the leaks were discovered two tests were made, one in 
the field at Grant City, and one at the Portland Avenue yard in 
Brooklyn. 

The Grant City test, which is illustrated by the photograph, 
was as follows: On May 19, 1915, work was started, the three pipe 
joints being calked with grout soaked yarn, after which the joint 
space was thoroughly cleaned and dried. The joints were then run 
with the jeint compound. On May 22, the joint runners were 


Fic. 2. Ciose or Test at Grant Cory Pumpine Station 


removed from joints at 9 a.m.; the joints were carefully examined 
and found to be good. 

At 10.30 a.m. the men started filling the test pipes with water, 
with the air valve open, under a head draft. The pipes were full 
at 11.05 a.m. and air valve was closed 12.05 p.m. 

feet 
12.40 p.m. No leakage, head increased to...................-000- 8 
1.10 p.m. No leakage, head increased to 
1.47 p.m. No leakage, head increased to 
2.20 p.m. No leakage, head increased to 
2.55 p.m. No leakage, head increased to... 
3.15 p.m. No leakage, test suspended due to rain, and air valve 

opened. 
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The pressure of 12 feet was again put on May 26, and continued 
without leakage until May 27, when both joints were leaking. The 
leakage reduced from a maximum rate for each joint of about 24 
gallons per twenty-four hours to about 10 gallons for one joint and 
2 gallons for the other, the test continuing until June 14, when the 
pressure was slowly raised to 35 pounds, and held there for thirty- 
five minutes with a leakage from one joint of 232 gallons per twenty- 
four hours. The pressure was then raised to 40 pounds, when a 
pipe split. 

Two test lines, each consisting of three lengths of 18-inch standard 
deep and wide socket vitrified pipes with bulkheads at the ends, 
were set up at the North Portland Avenue Yard. The arrange- 
ments of these test lines is shown in figure 3. 

The joints of one of the test lines were poured with material 
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received from Joseph Johnson’s Sons and the joints of the other 
line were poured with similar material furnished by the Pacific 
Flush Tank Company. 

The joints were made in accordance with the specifications, a 
jute gasket dipped in cement grout being used at the back of the 
joint. The material received from the Pacific Flush Tank Com- 
pany was first poured. Before pouring, the cement remaining on 
the surface of the southerly of the two joints in this line was brushed 
off the pipe so as to leave the pipe clean. The cement was allowed 
to remain on the surface of the pipe and spigot of the north joint. 
It was attempted, as specified for the Southfield Boulevard contract, 
to pour the material through a gate located a little to one side of 
the top of the pipe, allowing the joint material to flow down and 
around the pipe and up on the other side. On the joints where the 
Pacific Flush Tank Company’s material was used, this was not 
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accomplished, the material flowing both ways from the top of the 
pipe. On the north joint, the clay gasket used to confine the joint 
material broke through several times during pouring and time neces- 
sarily elapsed between successive pourings while the clay was being 
repaired. The south joint was provided with a rubber hose gasket 
and no difficulty from breaking out of the material was encountered. 

On the line in which the contractor’s jot material was used, 
hose was used as a gasket and the joints were poured, as specified, 
the material flowing from one side only. 

On April 21, these joints were tested under water pressure. At 
9 o’clock both pipes were filled to the top with water, and the bulk- 
heads allowed to swell so as to become tighter. The pipe containing 
the Flush Tank Company’s material was tested first, beginning at 
about 9.40. First water was allowed to flow rapidly into the pipe, 
the outlet being wide open. Probably a small amount of pressure 
was developed, although none showed on the gauge. The north 
and south joints showed slight leakage near the top, but leaks in 
both cases appeared to be due to shrinkage of the materials. 

At 9.50 a pressure of 5 pounds per square inch was applied. The 
leakage increased somewhat and a small new leak developed in the 
north joint. At this pressure the south joint leaked at the rate of 
about 110 gallons per twenty-four hours and the north joint about 
540 gallens. 

At 10 o’clock, a pressure of 10 pounds per square inch was applied. 
A new leak developed in the north joint, which is the one in which 
there was difficulty during pouring. The north joint leaked about 
2900 gallons per twenty-four hours; the south joint about 180 gallons. 

At 10.06, a pressure of 15 pounds was applied. There were 
then four decided leaks in the north joint and the leakage was 
about 4300 gallons per twenty-four hours. No new leaks developed 
in the south joint and the leakage was not measured. 

At 10.11, a pressure of 20 pounds was applied; a new leak devel- 
oped in the south joint. It was found at 10.14, on account of 
leakage that it was impossible to hold the pressure at 20 pounds 
and it dropped to 19 pounds. At that time there was a leakage of 
about 720 gallons per twenty-four hours from the south joint. 

The pressure was taken off at 10.15. The north joint was calked 
with a wooden calking tool on both sides of the pipe just above the 
horizontal axis where leaks had developed. On the east side, the 
joint was found to be hollow, due probably to trouble in pouring. 
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A pressure of 5 pounds was put on the pipe line again and the leaks 
were practically the same as before calking. 

An attempt was then made to calk the north joint with 5 pounds 
pressure on the pipe; no improvement in watertightness was appar- 
ent. As far as could be observed, calking resulted in failure, since 
it broke the bond of the material with the pipe and failed to com- 
press the material so as to make it tight against the socket and 
spigot. 

None of the joints in this line showed any signs of movement 
under 20 pounds pressure. 

The line in which the contractor’s joint material was used was 
then put under test at about 10.20. The north joint had been 
leaking slightly at the bottom since 9 o’clock, when the water was 
first put into the pipe and before any pressure was put upon it. 

At 10.27, the water was passed rapidly through the pipe and both 
joints showed some very slight leaks. 

At 10.30, 5 pounds pressure was applied to the line. The north 
joint leaked about 48 gallons per twenty-four hours and five minutes 
later the leakage had increased to about 180 gallons per twenty- 
four hours. In the south joint there was very little change from 
the condition under no pressure and the leakage was about 135 
gallons per twenty-four hours. 

At 10.39, the pressure was increased to 10 pounds. The leakage 
in the north joint increased at the bottom and side, but no new 
leaks formed. In the north joint, the leakage was about 270 gallons 
per twenty-four hours. In the south joint there was no change in 
the number of leaks, the leakage increasing to about 270 gallons 
per twenty-four hours. 

At 10.45 o’clock the pressure was increased to 15 pounds. No 
new leaks developed, but the leakage increased in the north joint 
to about 360 gallons per twenty-four hours, and in the south joint 
to about 630 gallons. 

At 10.50, the pressure was increased to 20 pounds, and at 10.52, 
while an attempt was being made to measure the leakage, the south 
joint moved out at the bottom so that no further tests on this line 
were possible. 

The pipe in which the contractor’s joint material was used was 
then broken and the joints removed for examination. It was found 
that the south joint which failed was deficient in depth at the bot- 

tom. The yarn gasket had apparently not been driven back into 
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the socket sufficiently to permit the full depth of the joint to be 
poured. The remaining joint appeared to be satisfactory. 

The north joint in the line in which the Flush Tank Company’s 
material was used, was then cut out with a cold chisel. This joint 
was, of course, known to be defective on account of trouble during 
pouring. It was found that hollow spaces existed in the joint 
material. There seems, however, to have been no lack of adhesion 
to the joint, except where the joint had been calked so that the 
joint material was broken. 

Conclusions. The experimental work and the field results showed 
that the vitrified pipe would safely stand low pressures, say under 
25 pounds per square inch, that none of the joint compounds were 
successful in preventing leakage, but that fairly satisfactory results 
could be obtained by thoroughly cleaning the joints before running 
the joints. The use of cement soaked yarn appeared to be detri- 
mental in its effect on watertightness of the poured joint. 

The Bureau has been experimenting with calked cement joints 
for cast iron pipe, following the instructions given by Clark H. 
Shaw in his paper presented on April 18, 1917, before the American 
Society of Civil Engineers. These joints have been highly success- 
ful under test pressures up to 300 pounds per square inch. There 


seems to be no good reason why a calked cement joint in a vitrified 
pipe would not be watertight up to the pressure the pipe would 
safely stand if care is exercised to calk only to an amount that the 
hubs will stand without cracking. Experiments along this line are 
to be undertaken by the Bureau in the near future. 


THE DIFFERENTIATION OF BACTERIA OF THE 
COLON-AEROGENES FAMILY! 


By WILLIAM MANSFIELD CLARK 


When the author was asked to present a paper before this meeting 
he gladly accepted for he felt that some of the results which Mr. 
Rogers and himself had obtained in various studies of the so-called 
colon group of bacteria may be of some use not only in future studies 
of water supplies but in rapidly and accurately meeting some of the 
problems which will arise in connection with the water supplies of 
our camps and our armies in the field. At the same time the author 
is painfully aware that he is not familiar with the details or the spe- 
cial problems of water bacteriology and he, therefore, begs indul- 
gence while he reviews some studies in which he has been particu- 
larly interested. 

For a long time a distinction has been made between B. coli and 
B. aerogenes, but in the heterogenous collection of organisms which 
were fished from feces, water, milk, etc., it was not always easy to 
make a clear distinction by the tests at hand. The reason is per- 
fectly plain. 

If we study not only the more modern work but especially the 
researches of Harden it is evident that the products of fermenta- 
tion by B. coli on the one hand and B. aerogenes on the other are 
very similar and differ chiefly in the quantitative proportions. 

The quantitative differences in gas production were recognized 
by Theobold Smith and upon these differences, Dr. Smith estab- 
lished the use of his fermentation tube. Because the characteristics 
studied differ only in a quantitative way, while the method involves 
sources of serious analytical error, the Smith fermentation tube has 
been of very limited usefulness. Harden, Harden and Walpole, 
and Thompson established somewhat more accurately the gas ratios 
but it remained for Keyes and Keyes and Gillespie not only to 
furnish reliable data for B. coli but to frame the method of gas iso- 


1 Read before the Chemical and Bacteriological Section at the Richmond 
Convention, May 10, 1917. 
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lation which has proved so useful in the more extensive investiga- 
tions by Rogers and his collaborators. 

When bacteria of the colon-aerogenes family are grown in bulbs 
evacuated by a mercury pump and the CO, and H; liberated in the 
anaerobic fermentation of dextrose are collected with the aid of 
such a pump and analyzed accurately the ratio CO./H: has been 
found to be a most valuable means of differentiation. We have 
now the analyses for about 660 cultures. 

In their study of cultures isolated from milk and milk products, 
Rogers, Clark and Davis found that approximately half gave a low 
gas ratio CO, / H: = 1.06. The others gave decidedly higher and 
more variable ratios. Taking up a search for possible sources of 
these two groups, Rogers, Clark and Evans found that of 150 cul- 
tures isolated from bovine feces all but one were of the low ratio 
type. Where, then, are the high ratio organisms to be found? 
All possible sources are of course not known, but in a study of 166 
cultures isolated from grain, it was found that 150 were of the high 
ratio type. Recently it has been found that high-gas-ratio cultures 
may be isolated from both bovine and human feces by special meth- 
ods, but that the predominant type found in both human and bovine 
feces are of the low-ratio type. 

The potential sanitary significance of such results is perfectly 
obvious. It will perhaps seem more pertinent if we recall that 
Rogers, following the course of several streams, found the low-ratio 
colon cultures increasing in relative numbers with the entrance of 
sewage and decreasing in relative numbers as the streams purified 
themselves and passed on into cleaner surroundings. 

The gas analysis methods employed are necessarily laborious and 
time consuming and therefore not appropriate for routine work. 
But fortunately a test has been developed which correlates with the 
gas ratios. The history of the development of this test would lead 
into some technical details which can be appreciated only by a 
careful study of the published data, but the principles involved may 
be outlined as follows: 

In its fermentation of dextrose, B. coli does not cease its activity 
with the production of any definite quantity of acid but only when 
the actual ionized acid, as measured by the dissociated hydrogen 
ions reaches a certain concentration. This value may be measured 
electrometrically by means of the hydrogen electrode, but for all 
ordinary purposes it is sufficient to measure it with an indicator. 
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The proper indicator to use in this instance is methyl red, which, 
if added to a culture of B. coli in definite quantity, will always 
assume about the same red color. It is evident that, if this lethal 
or limiting hydrogen ion concentration is to be reached, the culture 
must be furnished with sufficient sugar so that the acid formed there- 
from may neutralize those substances in the medium which tend to 
combine with and suppress the dissociation of the acid. These 
substances are technically known as buffers. As the buffer action 
of the medium is increased, increasing amounts of the acid-forming 
sugar must be supplied. Now let the sugar content be adjusted to 
the buffer action so that B. coli can just reach its limiting hydrogen 
ion concentration. Under these circumstances, what will an aero- 
genes culture do? For every molecule of sugar that an aerogenes 
culture decomposes it forms very much less acid than a coli culture. 
Therefore, under the circumstances, an aerogenes culture can not 
overcome the buffer action of the medium. It can not reach that 
limiting hydrogen ion concentration characteristic of B. coli, its 
other activities are not suppressed, it continues to decompose what 
little acid has been formed, after a day or two it begins to make the 
medium more alkaline and the gross result is that the hydrogen ion 
concentration is very much lower than that of a colon culture. 
It only remains to make this difference evident to the eye. Since 
methyl red turns red in the one case and yellow in the other it is a 
suitable indicator for the purpose. Hence the test has come to be 
known as the methyl red test. 

These are the principles involved. To apply them it was neces- 
sary to devise a medium in which the buffer action and dextrose 
content were properly adjusted. Such a medium is composed of 
0.5 per cent KzHPO,, 0.5 per cent dextrose and 0.5 per cent Witte 
peptone. 

This medium is inoculated with pure cultures of the organisms 
to be tested and grown five days at 30°C. To test the resulting 
hydrogen ion concentration it is necessary only to add some methyl 
red. Coli cultures are red to methyl red, aerogenes cultures yellow. 
This test was found to correlate perfectly with the gas ratios when 
typical organisms were used. 

One of the essential components of this medium is Witte peptone. 
The war has made the price of this preparation prohibitive and 
therefore several workers have tried to substitute other peptones. 
Now there is no particular virtue in Witte peptone which makes it 
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necessary to use it in this instance, but it must be clearly emphasized 
that it takes part in the buffer action of the medium, upon the 
proper adjustment of which the very essence of the test is based. 
When, therefore, other peptones are substituted without any regard 
to the principle mentioned, uncertain results can safely be predicted. 
It has been a matter of great surprise to the author that several 
bacteriologists, without any regard for the very simple and essen- 
tial principles of the method, have indiscriminately changed the 
composition of the medium. Apparently the question of economy 
or the mere curiosity to see what would happen had greater weight 
than the adherence to a scientific principle. 

There is no apparent reason why peptone preparations other than 
Witte’s can not be substituted provided the relation of the result- 
ing buffer action to the sugar content is properly adjusted. But 
rather than work over this question again, Dr. Lubs and the author 
decided to devise a synthetic medium. The principles applied 
were the same. The proper buffer action was provided by the salts 
of phosphoric and phthalic acids and the nitrogen by aspartic acid. 
The relative proportions of these were so adjusted that they fur- 
nished not only the proper buffer action but also the proper initial 
hydrogen ion concentration, for it is now known that adjustment 
of the reaction of a medium by the old titration method has nothing 
but an empirical significance for particular media and that the only 
valid general method of adjustment is in terms of hydrogen ion 
concentration. Then, by trial, the proper dextrose content was 
fixed. The resulting medium is composed of 0.7 per cent anhydrous 
NagHPO,, or 0.88 per cent of the salt which contains two molecules 
of water, 0.2 per cent KH phthalate, 0.1 per cent aspartic acid and 
0.4 per cent dextrose. 

Tests of 229 typical cultures of the colon aerogenes family have 
been made on this medium. The correlation between the differ- 
entiations so made and those made with the gas ratios was 100 
per cent perfect. 

The author has mentioned so far the tests made upon what have 
been called typical cultures. By typical cultures in this instance 
are meant those organisms whose gas ratios and gas volumes, when 
accurately determined, conform to one or the other of the two 
types of values which the study of some 660 cultures has clearly 
established as characteristic. From time to time there have ap- 
peared in the collections of the Bureau of Animal Industry or there 
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have been sent to the Bureau by others, cultures which in one way 
or another did not conform to either type. The methyl red test 
when applied to these cultures is more or less uncertain. 

It is of course impossible to say how frequently or under what 
circumstances similar organisms will occur in the collections gathered 
in the routine examination of diverse waters. The Bureau’s results 
indicate that they are comparatively rare and not likely to inter- 
fere seriously with sharp differentiations. 

If these atypical cultures, which can not be definitely classified 
by any test known to the author, are excluded, there is a total of 
374 cases in which the correlation between the methyl red test and 
the accurately determined gas ratio is perfect. As was pointed out 
in an earlier paper, a similar degree of correlation between any two 
tests used in the colon-aerogenes group was unknown. 

Recently Levine in studying his collection of coli-aerogenes cul- 
tures discovered an almost perfect correlation between the differ- 
entiations made with the Voges-Proskauer reaction and those made 
with the methyl red test. By means of this correlation Levine 
was able to show that some of the conclusions regarding the dis- 
tribution of these bacteria which had been reached in older studies 
with the Voges-Proskauer reaction were confirmed by the more 
careful work of Rogers and his collaborators. 

According to Harden, “‘ Voges and Proskauer’s reaction : 
appears to be due to acetyl methyl carbinol, which is formed by the 
action of the bacteria on the glucose of the medium. In the pres- 
ence of potash and the air this is oxidized to diacetyl which then 
reacts with some constituent of the peptone water.” 

Since the revised medium described contains no peptone or any 
protein body, except such as may be formed by the synthetic action 
of the bacteria, it is necessary to supply such a substance if the 
Voges-Proskauer reaction in this new medium is to be observed. 
Harden and Norris have shown that various proteins and peptones 
react with diacetyl in the presence of alkali to give the eosin-like 
fluorescent color characteristic of this test. Since casein may easily 
be obtained in a pure state and reacts with diacetyl, it is a suitable 
reagent for this present purpose. It is added after the growth of 
the cultures together with the strong alkali and produces in the 
colorless synthetic medium an intensity of color which far exceeds 
that of any Voges-Proskauer reaction the author has ever seen in 
other media. 
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Colon cultures with low gas ratio do not give the reaction. High- 
gas-ratio cultures generally do. 

For reasons which will be presented in detail in a forthcoming 
paper, the author does not place the reliance on this test that he 
does on the methyl red test. The chief reason is that in certain 
cultures the reaction is faint and fleeting, and may easily be missed. 
By means of very careful observations, however, for all the typical 
cultures tested a perfect correlation with the Voges-Proskauer test 
and the gas ratios has been established. This, then, furnishes 
three tests which correlate perfectly. 

Correlations between the gas ratio and the Voges-Proskauer test 
have been established by Harden, Walpole and Thompson. Corre- 
lations between the methyl red test and the Voges-Proskauer test 
have been established by Winslow and Kligler, Levine, Hulton, 
Greenfield and Johnson. Dr. MecCrady, of Montreal, has recently 
reported results which are in accord with the work mentioned. 

Lastly, the Bureau of Animal Industry has established in its own 
work a correlation between the gas ratios, the Voges-Proskauer 
tests and the methyl red tests which leaves no doubt that the methyl 
red test is a simple, practical and reliable method for differentiating 
the two chief groups of the colon-aerogenes family. 

Perhaps the author should here leave the subject for he has per- 
sonally been concerned only with the development of the method 
and the technique of its use and not with interpretations of the 
sanitary significance of the results. But he desires to emphasize 
strongly a matter which, it seems to him, should be kept perfectly 
clear in any discussion of the merits of the test. 

If it is desired to differentiate between the high and the low gas 
ratio cultures, between those two types which may be conveniently 
called coli and aerogenes, a reliable method will be found in the 
methyl red test. Of this there is no doubt. But the problems 
which water works managers face are more complicated. They 
are called upon not only to determine the flora of the waters placed 
under their care but also to interpret the sanitary significance of 
the flora that are found. 

It is certainly suggestive to know that in the feces of man and 
domestic animals the methyl red positive type of the colon aerogenes 
bacteria is dominant, and in grain and certain soils the methyl red 
negative type predominates. But it is well to remember that a 
careful search will reveal B. aerogenes in feces and B. coli in virgin 
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soil and in waters situated far from the habitations of man and 
domestic animals. 

It is evident, therefore, that the significant thing to look for is 
the relative numbers of each type in the material under examination, 
as Rogers did in his water work. In the extension of such studies, 
there will be involved several important questions, such as the 
relative rates of growth or destruction of each type when it enters 
waters of different chemical composition and of different physical 
conditions from various sources of pollution, and also the examina- 
tion of yet unstudied potential sources of each type. 

Perhaps such questions will have to be carefully and extensively 
investigated before one can draw very certain conclusions regarding 
the sanitary significance of the data furnished by the methyl red 
test, but it seems to the author that in the mean time the test should 
be included in the routine examination of water supplies for the 
following reasons: In the first place, it is as simple a test as any in 
use and at the same time is based upon phenomena the gross aspects 
of which are now known far better than are those of several other 
tests which might be mentioned. In the next place it correlates 
with other tests to a degree unknown among the tests formerly 
employed. Finally, laying aside any opinion that it may be used 
as a direct index of pollution, it does differentiate two very distinct 
types of bacteria which have frequently been confused in the routine 
tests of the past. It therefore gives the water works superinten- 
dent a better acquaintance with the flora of the supplies placed in 
his charge. Those who guard these trusts in more than a perfunc- 
tory manner probably depend upon such an intimate acquaintance 
to a greater degree than can be expressed in the formal terms of 
standard methods or court room pronouncements. 

The author’s belief is that the methyl red test will furnish the 
basis for some good guesses. It will at least be a valuable instru- 
ment for some practical researches. 


DISCUSSION 


F. W. Green: This subject of the hydrogen ions content, the 
neutrality of the media and the relationship between the two, 
appears to the speaker one of colloids. The condition of the media, 
as to whether these colloids are suspensoids or emulsoids, is a very 
important factor in the reaction, and, therefore, it is necessary to 
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take into account the electrical potential of the media. The speaker 
knows of no method of determining this and thinks that both in 
laboratory work and also in the reactions of the general supply this 
is a most important factor and should be taken into account. Tests 
should be devised whereby it will be possible to determine the 
amounts of colloids that are present and whether they are suspen- 
soids or emulsoids. 


JosepH Race: Everyone who has had experience in water bac- 
teriology must have a feeling of gratitude toward the workers at 
Washington for the able and painstaking efforts which they have 
made to elucidate the whole question of B. coli. The work which 
they have performed in the last two or three years has advanced 
our knowledge of B. coli more than all that has taken place during 
the last decade. The author has mentioned several important 
points and has discussed the technique in considerable detail. One 
point that he emphasized was the importance of the delicate adjust- 
ment of the buffer to the sugar, and to water works men it is impor- 
tant to know if the usual medium has this adjustment. The speaker 
believes it has not. The usual practice in the determination of type 
is to plate out from the liquid enrichment medium on the first signs 
of gas. That raises the question of the relative rate of reproduction 
of the various types in a given medium. Taking, for example, a 
fifty-fifty mixture of the fecal and grain types in lactose broth or 
bile; what will be the relative proportions after twenty-four and 
forty-eight hours? There is no guarantee that the colonies fished 
in the usual way are not all descendants from one common organism 
and the only accurate method for the determination of type is to 
plate out the original sample on a solid medium. On _ looking 
over his results for the last six to eight months it appears to the 
speaker that if gas is present in the fermentation after twenty-four 
hours the majority of the organisms are of the fecal type: after 
forty-eight incubation the majority are of the grain or negative 
methyl red type. This seems to indicate that the grain type is 
more resistant than the fecal type under the conditions obtaining 
in the fermentation tubes. 


WituraM MANSFIELD CiarK: One of the accepted points in which 
colloids differ from crystalloids is the size of the particle. This 
carries with it certain accentuations of properties which are held 
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in common by both classes. Now it is true that in culture media 
we frequently have matter in the colloidal state but the essential 
point at issue is that these colloids act as neutralizers in essentially 
the same way as more familiar acids and bases. The neutralizing 
action of casein is an example. There are, of course, substances 
which differ from this in that the absorption of acids and bases is 
a phenomenon of surface condensation. Charcoal is not regarded 
as an acid or a base, and yet upon charcoal it is possible to have 
condensation of an acid and the resultant effect is as if the acid were 
neutralized. From the practical point of view the author thinks 
these particular explanations may be disregarded because there are 
methods which determine with reasonable accuracy, and simply, 
the actual hydrogen ion concentration of a medium; and so far as 
the author knows it is this value as determined by these methods 
which is found to be significant for the growth and metabolism of 
bacteria. 

It would be very nice to be able to distinguish between the neu- 
tralizing effect of colloids as colloids and all other bodies which are 
acting by virtue only of their acidic or basic properties, but for 
most practical purposes it is at present unnecessary to make such 
a distinction in adjusting and testing culture media. 

To determine by the simple methods at hand the hydrogen ion 
concentration which you actually have, whatever the conditions 
causing it, and to adjust media in accordance with the particular 
value which is found to be advantageous for the particular organism 
you are studying, is the first and necessary step. 

The subject of enrichment media is one which we have not inves- 
tigated, but there are involved certain theoretical considerations 
which it seems to the author ought to be recognized very clearly. 
B. coli has an optimum rate of growth slightly above the true neu- 
tral point, a hydrogen ion concentration represented by P, 6.8 
perhaps. On either side of that point the rate of growth will not 
decline rapidly at first, but regions may soon be reached where 
the rate will decline exceedingly rapidly. The relative rates of 
growth for B. aerogenes at different hydrogen ion concentrations 
has, so far as the author knows, not been studied and therefore he 
does not think it is possible to reach any definite conclusion regard- 
ing the relative increases in the number of each type when growing 
in enrichment media. Of course the question may have been 
attacked from an empirical point of view, with the medium strictly 
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limited to one composition and one reaction. No very useful gen- 
eralization can be reached in that way. 

In the study of all such problems it is exceedingly important, 
vitally important, to control the true reaction of the medium. This 
subject has been studied extensively by Dr. Lubs and the author, 
who have shown that the colorimetric method of measuring the 
hydrogen ion concentration of culture media can be used by any 
bacteriologist with ordinary chemical training. The author thinks 
the method will have to be applied before we know definitely where 
we stand in regard to several aspects of enrichment media. 

In this connection the author desires to mention one incident. 
A certain official medium used for testing disinfectants contained a 
rich buffer in its content of beef infusion. It had been empirically 
established that this medium should have a certain “reaction” 
which, the author believes, was plus 1.5. Some one, the author 
does not know the history of the case and so may not state it with 
historical accuracy, some one thought it would be well to “simplify” 
the medium by substituting for the beef infusion 0.3 per cent Liebig’s 
Extract. This was done, but the formula was left with the same 
degree of titratable acidity which had worked all right in the old 
medium. There was considerable wonder when it was found that 
the new medium would not work, but it was soon found why it 
would not work, for Doctor Phelps discovered that the new medium 
had a hydrogen ion concentration near the optimum acid agglutina- 
tion point of B. typhi. By applying the rational method of adjust- 
ment they are now getting good results with the new medium. 

The author might go on indefinitely with the citation of other 
cases. For instance, the product of one of our American manu- 
facturers was seriously threatened because people insisted upon 
applying to media constructed with this peptone the old standards 
of reaction which had been empirically established for Witte pep- 
tone. Now that adjustments are made in terms of hydrogen ion 
concentration, as good and sometimes better results can be obtained 
with the American product. 

In what degree the true reaction of an enrichment medium will 
influence the relative numbers of different bacteria in mixed cultures 
the author can not say, but he is sure little confidence should be 
placed in the process until this factor is experimentally known. 
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LOWERING GROUND WATER LEVELS! 
By CiLarence L. Kirk 


What the speaker has to say may not interest any one particu- 
larly unless he is engaged in laying pipe in a locality where the soil 
and subsoil are such as are found at the south end of Lake Michigan 
in Indiana, where there is nothing but sand. Several years ago, 
before the district there was very well sewered, the ground water 
stayed at just about the average surface elevation of the ground 
and it was very difficult to lay water mains. The sand with the 
water standing in its pores was a quicksand, about the worst quick- 
sand imaginable. If the water could be taken out of the sand, the 
trenches would stand fairly well and little difficulty was experienced 
in the work. 

A few years ago, when the speaker was actively in charge of the 
East Chicago plant, a little trench-draining apparatus with an 
ordinary diaphragm pump was devised. A 4-inch header about 
19 feet long, with 2 inch taps in it, was laid on timbers in the center 
of the trench, with well points connected to it in a staggered fashion. 
This header was connected to the pump and the water pumped out 
of the ground as in any permanent driven well installation. 

Recently the man in active charge there has made quite an im- 
provement. The apparatus that he uses consists of a header line 
about 100 feet in length, in which he uses, say, 30 feet of 3-inch pipe, 
30 feet of 2-inch pipe and 40 feet of 13-inch pipe. This is made up 
with reducing flanges where the change in size of pipe comes, and 
the men handle it one section at a time, if necessary, in moving. 
The far end of the header line is capped or plugged. On one side of 
this header and every 5 feet apart a l-inch tap is made, screwing 
into this tap a nipple of 1-inch pipe threaded on one end and leaving 
the outer end so that it can be dressed down with a slight taper. 
This nipple need be only 5 or 6 inches long. The header is placed 
on the bank at one side of the trench. A 30-inch well-point 1} 


1 An informal statement at the Richmond Convention, May 10, 1917. 
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inches in diameter is used, and to it is attached a 6-foot piece of 
1}-inch pipe. This is reduced to 1 inch for a hose connection, which 
is made permanent, the hose being about 4 feet long. After the 
trench has been dug as deep as possible without removing the water, 
the well points are jetted down by means of a piece of garden hose 
and a straight piece of } or ?-inch pipe, using the regular pump for 
this purpose and water from a supply tank. After the points have 
been driven they are connected to the header by slipping the hose 
over the ferrule-like nipples. A 4-inch triplex pump connected to 
the header will produce a dry ditch in a short time and by having 
the outfit connected in this way it leaves full working space in the 
trench. 

Frequent driving has a tendency to spoil the points. The mains 
are laid with about 5 feet of cover and the banks of sand will stand 
up without any sheathing at that depth. One of the peculiarities 
of the sand of that region is that before it has been disturbed in any 
way trenches cut in it will stand up well, but after it has been once 
disturbed and its original state changed, it will cave badly. 


DISCUSSION 


_ Wituram W. Brusu: On Long Island the Bureau of Water is 
drawing many millions of gallons of water from sand which is quick- 
sand in appearance and action when saturated, but will stand up 
when dry. In Manhattan the subway contractors have generally 
adopted the sump method of draining wet trenches and those who 
have tried the well method have given it up. The speaker asked 
some of them why they did not use the latter method and was told 
that the sump method was much cheaper and gave entire satisfac- 
tion. The speaker has seen sand on Williams Street, New York, 
adjacent to buildings with very heavy foundation loads and where 
the sand with water in it was like quicksand, drained by putting 
in sumps surprisingly far apart and carrying these sumps down 
about 6 feet below the bottom of the subgrade of the subway. The 
question has therefore arisen in the speaker’s mind whether the 
sump method of draining trenches in wet sand may not be better 
than the well method, although he has found the latter very satis- 
factory. In his experience, it has been impracticable to hold foun- 
dation planking in place in such soils without some method of drain- 
ing the water out of the sand. 
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A. Prescott Fotweiu: The speaker would not encourage any- 
body from trying any promising method of keeping water out of 
trenches but he is unable to subscribe to the statement that the 
well method will be successful in any soil whatever, for he has 
seen trench work in porous gravel where the contractor was com- 
pelled to use a 6-inch and an 8-inch steam pump, working simul- 
taneously, to keep the water down in a trench only 50 to 75 feet long 
for a sufficient time to permit laying sewer pipe. The speaker doubts 
that any number of well points would remove enough water from 
such a trench to keep it dry. 


Daxsney H. Maury: In a paper presented some time ago the 
speaker attempted to describe some of his engineering mistakes and 
one of those which had proved most costly was an attempt to put 
down a well by pumping from the inside. The devices described 
by the first speaker all aim at the same sensible treatment of the 
problem, namely, to remove the water without offering the sand 
an opportunity to flow into the excavation, for if the water is allowed 
to flow through the sand to the point where it is being removed it 
will certainly drag the sand with it. No matter how many times 
this warning is repeated, the mistake will probably be made many 
times by some of those who have been cautioned against it, although 
the blunder, often repeated though it is, causes much loss every 
year. 


Joun W. Atvorp: About ten years ago, in the construction of 
the sewerage system of Gary, Ind., very difficult running sand was 
encountered. The first contractor, using old-fashioned pumping 
methods of draining the ditches, ran heavily into debt and was 
greatly delayed in building a large main sewer. Later another 
contractor accomplished the construction of a similar main sewer 
about 17 feet deep by the well-point method of draining. The 
latter ditch was kept so dry by this method that the sand in the 
bottom of the ditch had about the same consistency as brown sugar. 
Rapid progress was made and the contractor reaped a good round 
profit. Since that time the well-point method has become standard 
in and around Chicago for all very wet or deep running sand ditches. 


CiarRENcCE L. Kirk: Referring to Mr. Alvord’s remarks, the 
speaker has used the well method in building sewers at depths of 
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18 to 24 feet and found very little difficulty with it. Points were 
used on both sides of the trench and a header was strung out 3 
or 4 feet in length; a rather large pump, say a 10-inch size, was 
employed. 
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ACCOUNTING FOR INTEREST AND TAXES! 


Wiutu1am W. Brusu: In all but one of the boroughs of New 
York City the water revenues are paid into the General Fund and 
all expenses, including interest on and amortization of bonds, are 
paid out of that fund, which is raised mainly by taxation. Under 
a special law the water revenues are used for the maintenance of 
the water system in one of the boroughs. The New York method 
makes it impossible to determine readily what are the actual rev- 
enues and expenses of the water works. There can be no question 
but that the accounts should show every transaction which affects 
the water supply, on either the receipt or disbursement side. Fur- 
ther, every service rendered by the water works should be charged 
against some account on the books. The Bureau of Water is work- 
ing toward this ideal and trying to obtain proper credits for water 
used in fighting fires, cleaning streets, supplying public buildings and 
other services rendered to other municipal departments. 

Water works officials should devise a scheme whereby it can be 
readily shown what sums are paid for the maintenance and operation 
of a plant, interest charges and amortization of bonds, as well as 
the proper charges for parts of the works built by the proceeds of 
bond issues already retired. On the other side of the ledger should 
be shown the revenue that should be credited to the water works, 
including every item ordinarily considered a free service but which 
is a service for which a credit should be given. An item of esti- 
mated taxes against the works and all other proper charges should 
be entered in the cost of maintenance of the works. If all water 
works organizations keep such records and make a comparison with 
the accounts of other communities it will be possible for each official 
to find out if he is omitting some item and to learn what has been 
the real cost of supplying water and what would be the income of 
the plant if free service was eliminated. 


R. B. Howe.u: Whether taxes are charged against a municipal 
plant is immaterial except in comparing the expenses of municipal 
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and private operation under like conditions. If taxes are taken into 
consideration in a municipal plant the accounts should also show the 
sums set aside for the amortization of the plant’s bonded indebted- _ 
ness, which may be more than the taxes would amount to. 

In Omaha the water works have been owned by a special district, 
now practically the same as the city, for about four and one-half 
years. In the year when the first bonds were voted to buy the 
plant, the taxes paid to the city by the Omaha Water Company 
amounted to about $14,000. Last year, out of the revenues of the 
plant, something over $137,000 was set aside to amortize the bonds. 
Two years ago the Nebraska legislature passed an act requiring the 
state authorities to audit the books of the Metropolitan Water 
District of Omaha, and in the audit there was charged against the 
earnings of the plant as possible taxes for 1916 something over 
$140,000, or about ten times what the water company had paid a 
few years before. 

The Omaha Department is not allowed to charge the city any- 
thing for water for public use, but the city must contribute not 
less than 3 mills on one-fifth of the value of the water works prop- 
erty within the city, for fire-hydrant service. The income from this 
source is about $140,000, or between $50 and $60 per hydrant an- 
nually. An estimate of the amount the city ought to pay for water, 
based on formulas recommended by members of this Association, 
is about 40 per cent of the total revenue, whereas it is paying less 
than 20 per cent. 

Unless city departments are charged for water just as individuals 
are charged, there will be great municipal waste of water. For 
instance a number of swimming pools are being built in Omaha and 
a demand is made to refill each pool daily. As some of the pools 
are very large, the quantity of water required for them will be great, 
and if the Park Department had to pay for this water it would 
soon devise some method of purifying it so that the supply could 
be used over and over, as is done elsewhere. 


J. WALTER ACKERMAN: The Water Department of Auburn, N. 
Y., is independent of other branches of the city government, except 
that it must pay taxes on the portion of its property outside the 
city limits. The Department charges the city the regular meter 
rates for water used in all public buildings and also charges a hy- 
drant rental to cover the cost of fire protection. This rental is 
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probably too small, but it is at least an attempt at sound finance in 
this matter. The city charter, which is an old one, provided that 
the sum paid annually for hydrant rental must not exceed a cer- 
tain total sum, which is the reason that this item in the Depart- 
ment’s financial affairs leaves something to be desired. The Depart- 
ment pays all interest charges on its indebtedness and has a sinking 
fund for retiring all bonds as they become due; the sinking fund 
can be used for no other purpose, under the law. 


Henry P. Boumann: In Milwaukee no distinction is made be- 
tween a municipal department and a private consumer. At the 
close of the year the city comptroller credits the Water Depart- 
ment with the sums charged to the other municipal departments 
for the water supplied to them. The hydrant rental is merely a 
nominal sum, $5 a year, and does not pay for the inspection, let 
along the maintenance. It was not fixed by the State Railroad 
Commission, which would probably allow at least $25 or $30 if the 
rate was submitted to it for determination. The amount collected 
from the city last year was $160,000, but the Department pays 
$200,000 annually into the general city fund, to be applied to the 
reduction of the general taxes and it pays the interest on its bonds 
and retires them when they become due. 


GeorGce A. Marin: In Daytona the annual charge for fire pro- 
tection is not based entirely on the number of hydrants, but is $500 
per mile of main plus $10 per hydrant. In this way the heavy 
investment expense for large pipes with few hydrants is equalized 
with the lower cost of smaller pipes having more hydrants. The 
city is charged a rental for Department property used by it and 
credited for services it renders, bonds it pays and a sum estimated 
to be the tax were the works owned by a private corporation. 
While the Department pays no taxes, the estimated taxes are 
charged against it in order that the affairs of the Department may 
be compared with those of privately owned works. 


Frank A. Krmpatu: In New Jersey the same system of account- 
ing is supposed to be followed by both public and private water 
works and other public utilities, but there are some municipal 
plants that have not yet been forced to comply with the law and 
regulations. The system of accounting provides for the entry of all 
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charges or credits for interest and other items, whether collected or 
not. Where a city department is charged for water, light or any- 
thing else, and the charge is not to be collected, the items are carried 
out in a “‘duplicate adjustment account.’’ Thus all expenses and 
all income are shown by their proper accounts, whether actually 
collectable or not, and the true financial status of the utility as 
well as its status after the introduction of the duplicate adjustment 
account can be ascertained. 
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LEAKS FROM HIGH PRESSURE FIRE SERVICE MAINS? 
By Henry B. Macuen 


For many years water works officials have discussed leakage 
from distribution systems and the effect of changes in pressure 
without being able to come to definite conclusions, due to the fact 
that, except that for single supply lines laid generally under most 
favorable conditions, after the main has been placed in service it 
has been impossible to separate leakage from consumption. 

The high pressure fire system in the Borough of Manhattan, 
New York City, due to the fact that New York has not permitted 
any private connection to its fire mains, gives an opportunity to 
make tests on a distribution system of 128 miles of mains, 2728 
hydrants and over 4748 valves covering an area of 3675 acres. The 
system has received during its ten years’ life most trying tests. 
Each year it has had the pressure raised from say 35 pounds to 
from 125 to 250 pounds, an average of over two thousand times 
a year, due to fire alarms within the district, and for each period 
of twelve hours in duration during which no fire alarm has sounded 
the pressure has been raised for one-half hour to 200 pounds for 
testing out. It is hard to believe that any other water system in 
the world has gone through similar service conditions. 

Table 1 gives in considerable detail the castings used, separated 
by contracts, by size of main and further sub-divided into full 
lengths of pipe of each size, offsets and bends of varying degree of 
curvature combined, 3-ways and 4-ways and short pieces. The 
short pieces were in many cases manufactured in the short lengths 
at the foundry; in other cases, they were cut from full lengths of 
pipe in the field. All castings used in the work except the pieces 
cut in the field were tested to 600 pounds at the foundry. 

The 3-ways and the 4-ways were steel castings and considerable 
trouble was experienced at certain of the steel foundries in obtaining 
satisfactory castings. Two of the foundries, however, had prac- 
tically no trouble in furnishing castings up to the specifications, the 


1 Read before the Richmond Convention, May 10, 1917. 
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troubles of the others being due to lack of experience in this class 
of work. 


TABLE 1 
Pipe and specials in the Manhattan high pressure fire system 
ITEMS PER CENT 
8 inch bends and offsets...................-. 3,257 24.1 
8 inch 3-ways and 4-ways................... 297 2.2 
12 inch bends and offsets.................... 4,937 12.0 
12 inch 3-ways, 4-ways..............00.e2005 2,045 4.9 
16 inch bends and offsets...................- 1,515 10.3 
16 inch 3-ways, 4-ways................-.+05- 894 6.0 
20 inch bends and offsets.................... 703 11.3 
20 inch 3-ways, 4-ways..................0005 417 6.7 
24 inch full lengths....... 3,513 65.1 
24 inch bends and offsets.................... 422 7.8 
24 inch 3-ways, 4-wayS...............eceeee: 626 11.6 
24 inch short pieces..............2.....0005: 838 15.5 
All sizes: 
44,134 54.4 
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The mains were all laid in the lower portion of Manhattan Island, 
where subsurface conditions are most congested. This subsurface 
congestion shows readily in the figures given in the table by the 
large number of bends and short pieces of pipe used, even after the 
city had availed itself of its right to order moved gas mains and 
other interfering subsurface structures. 

After the mains were laid they were subjected to an acceptance 
test of 450 pounds for a period of ten minutes for the earlier con- 


TABLE 2 
Lengths of pipe and leakage in the Manhattan high pressure fire system 


24 inch pipe laid, linear feet.......... 35,662 .0 13,656 .6 49,318 .6 
20 inch pipe laid, linear feet.......... 29,849 .8 26,330 .0 56,179 .8 
16 inch pipe laid, linear feet.......... 47,177 .2 87,673.4 | 134,850.6 
12 inch nipe laid, linear feet.......... 154,466.1 | 224,429.0* | *378,895.1 
8 inch pipe laid, linear feet.......... 26,213.9 28,760 .6 54,974.5 
6 inch pipe laid, linear feet.......... 860.0 860.0 
Total pipe laid, linear feet. ......... 294,229.0 | 380,849.6 675,078 .6 
Linear feet of pipe joint.............. 122,438 160,545 282,983 
Allowable leakage for 24 hours........ 489,850 642,139 1,131,989 
Actual leakage for 10 minutes......... 2,138.8 2,138.8 
Actual leakage for 20 minutes......... 4,762.4 4,762.4 
Actual leakage for 24 hours........... 307,741. 343,391 651,132 
Total number of tests.............. 647 720 1,367 
Date put in gervies............c0cc00s July 1908 | July 1910 | July 1908 
to No- to De- to De- 
vember cember cember 
1909 1914 1914 


* Includes 150 feet of wrought iron pipe. 


tracts and for twenty minutes for the later ones, the leakage being 
measured and for acceptance had to come within the limit of 4 
gallons per linear foot of pipe joint per twenty-four hours. The 
results of these tests are shown in table 2, which gives, separated 
into the same contracts, the linear feet of pipe laid of each size, the 
total linear feet of pipe joint, the allowable leakage, based on the 
specifications of 4 gallons per linear foot of joint per twenty-four 
hours, the actual leakage for the test period and reduced to the 
twenty-four hour basis. 
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In testing, the test sections were in all cases between valves and 
doubtless a portion of the loss was due to water passing the valves 
limiting the section under test. 

From the total column of table 2 it will be seen that the mains 
were limited in the acceptance test of 450 pounds per square inch 
to a leakage at the rate of about 800 gallons per minute for the entire 
128 miles. The actual gross leakage of all the tests was 452 gallons 
per minute. Today there is a leakage, as shown on the Venturi 
meters, of 950 gallons per minute at an average pressure of 33 
pounds, or nearly double the amount of leakage at 450 pounds 
pressure at the tests from ten to four years ago. 

Investigations have been made to locate the leaks, but due to 
lack of force the work has not been systematically carried on. How- 
ever, due to the wide range in pressures, property owners have 
themselves reported eight connections which had been placed 
evidently by mistake. There may be others not placed by mistake 
in which advantage is taken of the higher pressures available at 
times to fill tanks. The occasional erratic movement of the pen in 
the Venturi chart may be an indication of this. 

The author had until recently a very firm belief that the leakage 
was past the main valve of the hydrants and was carried off to the 
sewer through the drain pipe connecting the drip and sewer. This 
belief has been shattered by an aquaphone test of each hydrant 
made by a most careful and competent inspector who covered every 
one of the 2728 hydrants and found but 51 (1.9 per cent) on which 
any sound could be detected indicating leakage which could not 
be stopped by tightening the valves. 

Of course, it might be said that a certain number of hydrants 
might be not tightly closed at all times in such a large number, but 
the system of maintenance is such that each hydrant is examined 
and repaired if necessary immediately after going out of service at 
a fire by an experienced machinist who reports to a follow-up system 
that the hydrant has been examined by him and left in good con- 
dition. The firemen, after an alarm, are the only users of the hy- 
drants. Should any one else open a hydrant it is immediately 
known by an alarm bell operated by the Venturi meter recorder 
on the priming line. 

During the past six years many miles of streets have been opened 
for the construction of the rapid transit subways, exposing over 
54,000 linear feet of the high-pressure mains. No leakage has been 
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found in the joints except an occasional sweat and from this evidence 
the Bureau of Water Supply is inclined to mueie that the loss of 
water is not at the joints. 

Fig. 1 gives the result of a test under varying pressure made on 
December 8, 1916. Attention is called to the almost straight line 
of the upper portion of the curve, which seems to indicate that the 
leakage is not from fixed openings, from which a leakage varying as 
the square of the pressure should be expected. 

It may be that the symmetrical results obtained and shown on the 
curve are but accidental; that as the pressure increased the main 
valves of the hydrants, which close under pressure, closed more 
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tightly, reducing the leakage in the hydrant; that at the same time 
stuffing boxes in valves which are tight under low pressure might 
leak under the higher; that cracks in the pipe or steel casting not 
open under low pressure open under the higher. 

Owing to a report of water coming in through the walls of a large 
sewer, there was located a split pipe which reduced the leakage 
under 35 pounds pressure by over 100 gallons a minute. This leak ' 
may have been of long duration, as at the time of starting excava- 
tions no indication existed at the street surface. 

The author presents the above facts for the purpose of discussion 
and not as showing any definite conclusion as to leakage. 


WATER SUPPLY STANDARDS AND THEIR 
IMPROVEMENT! 


By J. ORCHARD 


Water supply standards may be divided into two classes: 

1. Technical standards. 

2. Non-technical standards. 

Technical standards may again be divided into two classes: 

1. Official standards, formed by the promulgation of laws and 
regulations. 

2. Unofficial standards, which may be defined as those based on 
experience or current practice. 

A résumé of legislation and the regulations of supervising health 
bodies indicates that the only definite technical standard that has 
been promulgated officially is that of the Secretary of Treasury, 
under date of October 21, 1914, being bacteriological standard of 
purity for drinking water supplied to the public by common carriers 
in interstate commerce. 

From information available, it would appear that none of the 
State Health Departments has officially promulgated standards of 
purity, either bacteriologically or chemically. In many states, 
legislation exists prohibiting pollution of public water supplies or 
the sources from which they are obtained. A few of the State 
Health Departments recognize the standards of the Treasury De- 
partment and aim to have all water supplies conform to these limits. 
Other State Departments of Health have unofficial staudards which 
are used as a means of guidance in interpretation of water analyses, 
most of these being bacteriological standards only. 

Reports received from 31 State Health Departments indicate that 
13 states have laws protecting water supplies, but have not adopted 
any minimum chemical or bacteriological standards. Two states 
have laws protecting water supplies and have unofficially adopted 
United Sates Treasury standards. Nine states have laws protect- 


1 Read before the Richmond Convention, Chemical and Bacteriological 
Section, May 10, 1917. 
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ing water supplies and have adopted tentative unofficial standards, 
while eight states have neither laws nor standards. 

Unofficial or tentative standards that have. been adopted by some 
of the State Departments of Health are of interest. A few examples 
are enumerated: 

Minnesota. The Minnesota State Board of Health has not set 
any arbitrary standard for the purity of water. In interpretation 
of results, a water is not considered to be of good sanitary quality 
unless the bacteriological count for four days at 20°C. is less than 
100 per cubic centimeter, and B. coli absent in 100 cc. samples. 
This standard is subject to qualification under certain conditions. 
The Minnesota State Board of Health will not report on any water 
supply unless a thorough field investigation has been undertaken 
and unless samples have been collected by its own representatives. 
This phase of the situation is presented in a paper by H. A. Whit- 
taker, Director of the Division of Sanitation of the Minnesota 
State Board of Health, entitled “Fallacies in the investigation of 
Water Supplies,’ which was presented before the engineering sec- 
tion of the American Public Health Association in October last. 

Alabama. The Alabama State Board of Health recognizes the 
standards adopted by the Treasury Department, allowing, however, 
a bacteriological count of 300 per cubic centimeter after twenty- 
four hours incubation at 37°C. 

Virginia. The State Board of Health of Virginia has not adopted 
any standards and in an interpretation of analyses is largely gov- 
erned by the particular conditions surrounding the source of supply, 
and even though a water derived from a protected watershed on 
which there is no habitation might show coli in 1 cc. and 10 ce. 
samples, unless human contamination could be shown, the water 
supply might be considered as good. For the information of local 
authorities, however, the Virginia State Board of Health indicates 
on its standard report forms, the significance of bacteriological 
counts and B. coli interpretations, differentiating between bad, 
suspicious or good supplies, as follows: 


Where colon bacilli are found in quantities of 1 cc. of water, the sample is 
dangerous, and is reported bad, regardless of the number of other bacteria 
found in the sample. 

Where colon bacilli are found in 10 ce. or 20 ce. of water, and the number of 
other bacteria is large, the sample is regarded as dangerous, and is reported 
bad. 
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Where colon bacilli are found in 10 ce. or 20 cc. of water, and the number of 
other bacteria is small (less than 500 per cubic centimeter) the specimen is 
classed as suspicious. 

Where colon bacilli are not found in samples; and, where bacteria are less 
than 500 per cubic centimeter, the sample is reported good. 


Maryland. The State Department of Health of Maryland has 
not established any standards or limits on the quality of public 
water supplies, but certain standards have been recommended for 
filtration plants. These standards are quite novel and are based 
on a coefficient of efficiency, which is defined as “the ratio of the 
logarithm of raw water count at 20°C. to the logarithm of the plant 
effluent count.’”’ For the removal of colon, the standards are based 
on a so-called ‘“‘standard hygienic efficiency,’ which is defined as 
“the sum of the percentages obtained by allowing a value of 20 
per cent to each successive step in the colon removal.’’ These stand- 
ards are discussed in detail in a paper by Wolman, published in the 
American Journal of Public Health, November, 1916. 

Montana. The Montana Department of Health has adopted 
tentative chemical standards for the hygienic purity of waters, 
applicable to restricted areas in the state, and, as a rule, only sup- 
plies that show no B. coli in 10 ce. are recommended for public 
consumption. 

California. The California Bureau of Sanitary Engineering con- 
siders a supply in which B. coli can not be confirmed in 10 ec., by 
the latest laboratory methods, as being safe. The occasional occur- 
rence of B. coli in the same quantity is not considered seriously, 
but their presence in 10 cc. continuously, or in less than that amount 
occasionally, is not considered favorably. Condemnation is usually 
reserved for a field inspection to determine if possible what portion 
of the B. coli are of human origin. 

Iowa. Iowa presents the interesting situation where chemical 
standards adopted for the waters of the state several years ago have 
been abandoned, following the collection of information showing 
their inadequacy. 

A résumé of reports received from over 30 State Health Depart- 
ments shows the varied interpretations placed on bacteriological 
analyses, and the relative importance given to sanitary survey of 
watersheds in conjunction with analyses. 

If the standards of the United States Treasury Department must 
apply to all water supplies used in interstate traffic, and, if as experi- 
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ence has clearly shown, supplies used by railroads can conform 
to Treasury standards, the interesting contention is presented 
that all public water supplies should conform at least to this 
standard. 

If all supplies do not measure up to this standard, the regulation 
works an injustice on a few supplies, and does not accomplish a 
general improvement in the water supplies of the country, as might 
otherwise be the case. 

If there are two towns, located one on either side of the state 
boundary, designated as A and B, A being a watering place for 
railroad equipment and B being a way-station, according to existing 
legislation, the supply of A must conform to the Treasury standard, 
and the supply of B can be anything that the state and local officials 
will permit. To make the water supply of A conform to the stand- 
ards has, in all probability, placed a burden either on the water 
company or the tax payers of the municipality, and has correspond- 
ingly improved the welfare of the town. Is it equitable to require 
A to go to this expense and not to impose a similar obligation on 
B? On the other hand, in justice to the consumers at B, should 
they not be afforded the same protection as those at A? 

It is appreciated that in suggesting the feasibility of adopting 
tentative minimum bacteriological standards, the principal objec- 
tion to such procedure is the inability properly to consider the sani- 
tary surroundings of the source of the water. 

The abundant good that has been accomplished on a relatively 
few supplies, following the establishment of Treasury standards, 
however, would indicate that a considerably greater number of 
supplies could be improved, should minimum standards be pro- 
mulgated for all of them. 

Whether or not we are governed by arbitrary or tentative stand- 
ards, more or less definitely fixed, those who in the course of their 
work are called upon to interpret large numbers of bacteriological 
analyses, unquestionably are governed by standards that they 
have set, upon which the interpretation is based, and this inter- 
pretation is made, first, without reference to a sanitary survey; 
and, second, in conjunction with a sanitary survey to determine, if 
possible, the sources of any apparent pollution. But these person- 
ally established water standards vary with the indvidual’s inter- 
pretation of the analyses. 

A water showing coli in 0.1 cc. regularly will unquestionably be 
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condemned, as will also, without doubt, a supply usually showing 
coli in 1 ce. 

A water showing coli frequently in 5 cc., and occasionally in 1 ce., 
will very likely be rejected by most sanitarians, although the fre- 
quency with which such supplies are furnished to consumers, with- 
out rigorous steps being taken to improve the quality, is surprising. 

When we reach a water, however, with coli present frequently 
in 10 cc. quantities, and occasionally in smaller amounts, the inter- 
pretation of the analysis lies very largely with the individual, and 
the supply may be rejected or passed in accordance with the indi- 
vidual’s standards. 

Although the difficulties of arbitrarily establishing any minimum 
bacteriologeal standard are appreciated fully, it would tend greatly 
to improve the quality of a great number of supplies, if minimum 
standards, adopted after careful investigation, were to be officially 
promulgated by this Association. Should such standards be avail- 
able for water companies, commissioners and consumers, a definite 
object would be established, and the best results in any line of 
endeavor are secured only when a definite objective is in view. On 
the other hand, should such minimum standards be established, 
being intelligently drawn and formed only after due consideration 
of geographical conditions, they would unquestionably aid the 
supervising health officials in dealing with the recalcitrant water 
vendor, for the state sanitary engineer would have a definite objec- 
tive that he could order the vendor to reach. 

Although the United States Treasury standards are high as com- 
pared with many water supplies in this country, and although a 
large number of waters of our bigger and better known cities will 
not at all times conform to the Treasury standards, they are not 
high as compared with the standards existing in European countries 
and Great Britain. 

It was expected that a considerable fund of authenticated infor- 
mation would be available to incorporate in this paper to cover 
standards prevailing in these countries, and the limits of bacter- 
iological content that are considered good practice. Presumably, 
this information has been lost in transit and will have ‘to be incor- 
porated subsequently. Many English water works men, however, 
contend that the total bacteriological content after twenty-four 
hours incubation at 37°C. should not be more than 50 per cubic- 
centimeter, and that colon should be absent in 100 cc. quantitites 
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after seventy-two hours incubation at 37°C. and some even go as 
far as to aim to have colon absent in 200 ce. after seventy-two hours 
incubation at 37°C. An examination of the Twelfth Research 
Report of the Metropolitan Water Board, of London, would indi- 
cate that the settled, stored and treated waters of various supplies 
before filtration were comparable bacteriologically with some of 
our American water supplies as delivered to the consumer. 

In advocating the adoption of minimum bacteriological standards 
of water, the object in view would be to improve the poorer supplies 
and to establish a guide by which a non-technical water-works man 
could appraise his supply, to establish standards not so much as an 
arbitrary means of appraisal as an incentive to secure better water 
supplies. It is therefore suggested that consideration be given to 
the appointment of a sub-committee to determine the practicability 
of adopting standards similar to the United States Treasury stand- 
ards for all water works, whether they be used for inter-state traffic, 
or not. 


NON-TECHNICAL STANDARDS 


Technical standards are easily explained in scientific terms intel- 
ligible to those familiar with their use. Non-technical standards 
are more difficult to explain but may be defined as the attitude of 
the non-technical man toward a water used for domestic purposes. 
These may well be divided into two classes: 

1. The standards of the non-technical water works man. 

2. The standards of the consumer. 

It must be realized that there is a large number of water works 
men in this country, not members of this Association, who do not 
know to any extent the necessity of a pure water supply, and to 
whom the colon bacillus and bacterial flora in general are unknown. 
Fortunately, the number of water works in charge of this type of 
man is fast diminishing. The only reason that so many non-tech- 
nical water works men are entirely unfamiliar with the need of 
safe water, and the care and vigilance that must be used to secure 
a safe supply, is that they do not know the fundamental reasons for 
a safe supply. Two instances are worthy of mention: 

A certain surface water supply in New England, upon investiga- 
tion following a typhoid epidemic, was almost definitely found to 
have been polluted by a typhoid-carrier hunter. The State Board 
of Health: representative, sent to install a temporary treatment 
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plant, was ordered out of the pumping station by the water com- 
missioners who waited on him in a body, to inform the Board of 
Health man that they were running that water works; that the 
water supply suited them; and, State Board of Health or no State 
Board of Health, he could not install the treatment plant, and the 
only thing he could do was to get out, which, having no authority 
under the law, he did. 

The second instance is that of a water works superintendent of a 
small municipality which was required by the State Health Depart- 
ment to install a treatment plant. Upon the arrival of the repre- 
sentative of the company furnishing the purification apparatus, 
the superintendent roundly abused the State Board of Health officials, 
ridiculed the necessity for treatment, in spite of the prevailing epi- 
demic, and informed the representative that he was not going to 
permit the State Board of Health to install any more contraptions 
that would mean more work for him; and that although he would 
treat the water while the State Board of Health man was around, 
he would pay absolutely no attention to the equipment at other times. 
Subsequent experience has indicated only too well that he carried 
out this threat. 

Such attitudes on the part of non-technical water works men are 
only too familiar to those whose work has as its foundation the 
improvement of water supplies in general, and it can be combated 
only by a most aggressive educational campaign, which properly 
should be supervised by this Association. 

Contrast with this attitude that of the progressive private water 
company or the water department conducted by a technical man, 
or by individuals who realize the vital importance of their work. 
The large progressive water companies or departments take every 
possible means at all times to improve their water supplies; to raise 
the standards by which they are appraised and by which the con- 
sumers are influenced. Such water companies, by taking the con- 
sumers frankly into their confidence, place themselves on such a 
firm foundation as to be able to withstand whatever adverse criti- 
cism may be directed against them. 

The experience of the Indianapolis Water Company, of Indian- 
apolis, Ind., which has taken its patrons into its confidence in regard 
to the treatment of its water supply and has established a reputa- 
tion in Indiana of furnishing absolutely safe water under all con- 
ditions, is worthy of note. This confidence has carried the water 
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company without criticism through two severe epidemics and has 
been invaluable in the matter of dollars and cents as well as good 
will. A similar attitude on the part of other water companies has 
had a comparable result. Is it not incumbent upon this organiza- 
tion to endeavor to create a similar attitude on the part of every 
water vendor? 

The water standard set by the consumer is for the most part one 
of appearance. If a water is not turbid or colored, he is usually 
satisfied. Unless his immediate family has been vitally touched 
by the effects of an impure water supply, he is not solicitious about 
the quality of the supply. This matter was discussed at length by 
Johnson in his paper, ‘The Typhoid Toll,” presented before this 
Association, and was amplified in the printed discussion of that 
paper. 

The consumer is, however, inextricably connected with the estab- 
lishment of higher standards for a water supply. To obtain better 
water supplies, money is needed and a considerable quantity of it. 
A water company cannot improve its supply without incurring ex- 
pense, which should bring return in the shape of increased rates, 
and increased rates can only be obtained with the partial consent, at 
least, of the consumer. Similarly, municipal supplies, if improved, 
increase the tax rate, and here again the consumer is the court: of 
last resort. 

The complacent and erroneous impressions that many water con- 
sumers have in reference to their supplies must be eliminated by 
careful, painstaking publicity and education. In discussing water 
supplies of various communities with non-technical men and water 
consumers, one is frequently advised that the water supply is the 
purest in the country; that it is 99.9 per cent pure; or, that it is well 
water that never sees the light of day and is absolutely safe. The 
individual cannot be blamed for resting secure in these assertions, 
for he does not know better. 

Most of those present at this meeting, in going into a strange city 
or town, do not drink the water furnished until the nature of the 
supply has been ascertained. Many of us abstain from drinking 
water when on road trips, even in territories where other liquid re- 
freshments are not easily obtained, simply because we appreciate 
the pollution that a water may carry and the danger that may lurk 
in a tumblerful. The average consumer, however, seldom gives this 
matter a thought, because his training has not taught him to do so. 


WATER SUPPLY STANDARDS AND THEIR IMPROVEMENT 57 


Should this Association be instrumental in making the water con- 
sumer stop before he draws a tumblerful of water from the spigot 
and inquire as to the purity of that supply before he drinks the water, 
it would have a tremendous effect on the improvement of water 
supplies. 

A more complete and masterful presentation of the value of pure 
water than that contained in Johnson’s paper, ‘““The TyphoidToll,” was 
probably never presented before any Association. In it, the author 
says that more people are killed every year by typhoid fever than 
by railroads. The water consumer will stop and look before he 
crosses a railroad track, we must make him stop and think before he 
drinks a glass of water. Mr. Johnson has shown that a pure water 
supply is a good dollars and cents business proposition; why not 
treat it as such? Why not pattern our conduct as a water works 
association after that of a successful business organization? Are we 
not at all of us, water works superintendents, engineers, chemists, 
bacteriologists, manufacturers, or what not, offering our services 
and our product, water, to our final customer, the consumer? Being 
honorable men, we want to give him the best that he will pay for, and 
he will only pay for the best when he is educated to its need. With 
the consumer educated and demanding the best in water supplies, 
there will be no further danger from the non-technical, disinterested, 
or slovenly water works vendor, for he will not be permitted to do 
business. 

Looking at this matter, then, as a business proposition, seeking 
to find a market for a water supply of higher standards than most 
of those at present furnished, should it not be approached in the same 
manner as any successful business campaign? Given a good prod- 
uct for which there is a market, the success of any business de- 
pends on bringing the product to the attention of those using it, 
and that can only be done by advertising and publicity. Why not 
have this Association act as an advertising or publicity medium 
to obtain higher standards on the part of the technical and non- 
technical water works man and also the consumer? Begin with the 
consumer; advertise to him the value of better water so that he will 
demand the best, and be willing to pay for it. Then, he will get it. 

The efforts toward improvement made by vendors of water used 
in interstate commerce, which could not be certified under Treasury 
ruling, are significant of what can be done under compulsion. How 
much more could be accomplished if the consumer was the compelling 
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force all over the country? We are all familiar with the progress 
made in campaigns to secure better housing, better factory condi- 
tions, better environment for employees, and protection from occu- 
pational diseases? We are also familiar with the tremendous strides 
in the anti-tuberculosis campaign, and the many exhibits used to 
educate the public along these lines. Many State Health Depart- 
ments have traveling exhibits in charge of medical or technical men, 
which tour their states to give the public visible evidences of the 
results obtained from money they have expended. 

Are we not lacking in the fulfillment of the highest objective of 
this Association unless we endeavor by every means at our disposal 
to educate the general public as to the value of pure water? Are 
we not stulifying the influence of Johnson’s paper if we confine it, 
for the most part, to the technical water works man? Should we 
not see to it that its contents are advertised broadcast as a good 
business proposition? 

Let us suppose that graphic illustrations of the value of pure 
water were to be incorporated in every public health exhibit in the 
country; were to be made part of traveling exhibitions; to be in- 
corporated by the Boards of Education in instructions given in school 
rooms, and disseminated by every educational medium. It would 
not be long before the demand for better water would be so insistent 
as to cover the entire country. 

And, with the objective of creating this demand on the part of 
the consumer, and thus offsetting the deleterious influence of the 
careless water vendor (and to support the technical water works 
man in the promulgation of higher standards of water supplies) this 
suggestion is offered: that this Association appoint a committee to 
consider the feasibility of a joint board to consist of four members, 
one each appointed by the Presidents of the American Water Works 
Association, the New England Water Works Association, the Ameri- 
can Public Health Association, and the Water Works Manufacturers 
Association, these four men to appoint a publicity or press agent, 
who might well be one of the Secretaries or Editors of those Asso- 
ciations, whose sole duty would be to spread the propaganda of 
better water supplies. There are many problems presented; the 
cost of broadcast publicity at first would be prohibitive, but in- 
tensive advertising campaigns could easily be conducted in certain 
localities. 

Sub-committees could be appointed to confer with various State 
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Departments of Health, covering publicity in their territory. Other 
sub-committees could be appointed in some states, if necessary, to 
endeavor to secure legislative enactment to protect water supplies, 
and create an interest in the subject. Arrangements could be make 
with some of the larger private water companies to advertise steps 
they have taken to protect their supplies along the lines previously 
mentioned as having been undertaken by the Indianapolis Water 
Company. Other sub-committees could make arrangements with 
the boards of education, libraries, and exhibits. 

This is a tremendous undertaking, but unquestionably it is worth 
while. It is a campaign which would take years to properly cover 
the country, and it is not to be expected that the tangible results 
would be immediate. That the end to be accomplished is a good 
one is beyond dispute, and in aiding to spread the gospel of pure 
water, this Association will fulfill its highest function. 


DISCUSSION 


F. W. Green: At Little Falls, N. J., the water has an average 
bacteriological content of 2 bacteria per cubic centimeter and at the 
same time a B. coli index of 0.03; this means about 3 B. coli per 100 
ec. The company considers the water not only the best in its section 
but one of the best in the country. In Paterson, a city of 125,000 
population, the typhoid rate is 9 per 100,000, which is about the 
lowest in the country for a city of its size, and practically the same 
rate obtains in the other municipalities served. 

It is not possible to make a standard that will cover all cases. 
There are many places where water is filtered and the supply un- 
doubtedly contains B. coli, yet that supply is perfectly safe. There 
are a number of large cities where the supply, taken from surface 
streams, is such that it is difficult to determine the exact amount of 
sterilization necessary to eliminate the coli. To remove the last 
innocent B. coli, which is not a sign of harmful pollution but only 
indicative of a possible danger, it is necessary to dose in more chemi- 
cals to increase the sterilization, and that causes complaint of tastes 
and odors besides incurring more expense. 


CuesterR G. Wic.tey: The paper brings out a point, quite clear 
to any one supervising different water supplies, that the standards 
used by different departments vary very considerably. This is 
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possibly because the bacteriology of water supplies has not yet 
reached an absolutely definite position. The tendencies are toward 
refinements of the present procedures, and until those refinements 
have been worked out it is a rather difficult proposition to establish 
any definite standards. The standards of the Public Health Service 
have been of considerable value to those in charge of the water sup- 
plies of cities and states on account of their influence toward the 
betterment of supplies. 

The subject of railway water supplies is probably in a somewhat 
different category from that of the municipalities. A railway picks 
up its supply at some point along its line, and it is often not a very 
severe task for it to substitute an unquestioned source of supply for 
one under suspicion. On the other hand, a municipality is frequently 
tied up with very heavy investments on its water shed, over which 
the most careful control must be maintained at all times to supply 
a water that is in any degree safe. 

It is a question whether at present it is prudent to establish any 
standards except those which experience has shown to be absolutely 
necessary. In the last analysis the health of a community using a 
certain water supply is practically the only absolute measure of the 
quality ofthat water. Intimeamore definite standard will be worked 
out, but attention is called here to a point made by Professor Jordan, 
of the University of Michigan, in a paper on the bacteriological stand- 
ards for food products, published in the Journal of the American Medi- 
cal Association. This point is the danger of establishing standards 
for food products beyond those which it is absolutely certain are 
indicative of the quality of those products, his opinion being that 
to establish standards beyond those which bacteriology had dem- 
onstrated were absolutely necessary for safety might in the end 
lead to a repetition of the experience of the Royal Commission on 
Sewage Disposal of England. That commission, establishing stand- 
ards ahead of the development of the science, was under the necessity 
later of amending in some way those early standards, the result 
being that the portion of the public affected naturally lost a certain 
amount of confidence in the technical ability of those responsible 
for the adoption of the standards. 

The author has advanced one very important matter for consid- 
eration, the subject of publicity. It is a well accepted fact now that 
the greatest force that can be used in any public health work is 
publicity, and that matter should have the earnest consideration of 
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this Section. It is a large subject which has not yet been given 
much thought. 


Epwarp Bartow: The suggestion just made regarding publicity 
recalls a notice that was printed for years on the menu cards of a 
Champaign hotel: “This water has been analyzed by the chemists 
of the University of Illinois and found to be absolutely pure.” The 
University has made no analysis of the water used in that hotel, 
unless it was a very long time ago and an ancient analysis been ad- 
vertised for years and years. 

The paper suggests a joint committee representing four societies 
to consider the advisability of combined action in matters relating 
to standards of water supply. The paper mentions the American 
Chemical Society as particularly interested in chemical analytical 
methods and standards, the Society of American Bacteriologists and 
the American Public Health Association as interested in bacterial 
standards, and the American Water Works Association as interested 
in teaching the public about the value of good water. It might be 
well to add the American Railway Association, which has already 
established standards for locomotive water supplies. The chemical 
standard of water is very important to railways and many industries. 


JosEPH Race: One of the most important points raised by the 
author is the United States Treasury or Public Health Service 
standard. It ought to be seriously considered by this Section because, 
on account of its application to interstate carriers, it practically sets 
a minimum standard for the whole country. It also seems inevita- 
ble that, in the absence of opposition, it will become the standard for 
the contiguous territories of Canada and Mexico. In Canada, the 
question of standards has already arisen in connection with inter- 
national water carriers. The Washington authorities made regu- 
lations some months ago and attempted to put them into effect 
at the opening of the present season of navigation. At the request 
of the Canadian authorities the proposed regulations were suspended 
for twelve months so that the two countries could consider and adopt 
regulations that would not conflict. 

Two points ought to be considered in connection with this stand- 
ard. First, what method is to be used for the determination of B. 
coli? If the method is to be that of the American Public Health 
Association, which apparently changes everv time the Association’s 
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committee makes a report, the result will be chaos to water works. 
Water works managers ought to take more interest in the standard 
methods of analysis and insist upon less frequent changes. Second, 
what is the minimum time that may be permitted between the col- 
lection of the samples and their examination? In supplies like 
reservoir and filtered waters the bacterial conditions may have 
reached an equilibrium and but little change will then occur during 
a further period of storage. In waters that have been treated with 
chlorine the case may be quite different and the B. coli content may 
be very much less after twelve hours. It is very desirable to adopt 
a standard method of procedure. 


L. I. Brepsauu: In regard to the publicity side of water works 
affairs, conditions in Minneapolis may be mentioned. The Depart- 
ment has been laboring for the last four and a half years, ever since 
the filtration plant was established, to convince the people that they 
are being supplied with pure water. The spring water people have 
persistently said all manner of mean things about the municipal 
water supply, which is taken from the Mississippi River. In its 
campaign of publicity the Department started out with an official 
guide at the filtration plant and since then on an average 10,000 
persons have visited it annually. Then pamphlets were issued 
explaining the whole system, how the water is purified, how it is 
proved to be pure, and giving some of the results of tests of its 
quality. These pamphlets are sent out with the water bills and one 
reaches every consumer. Another means of publicity is the use of 
stereoptican slides. A number of organizations in the city ask the 
department heads to talk to them about water, which is done gladly 
with the help of these lantern slides. One of them shows a reduction 
in the typhoid fever cases in Minneapolis from 58 per 100,000 in 
1910 to 4.7 in 1916. The results in this publicity work are becom- 
ing apparent and the people of the city are coming to realize that 
they are obtaining pure water. 
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CHLORINATION AND CHLORAMINE! 


By Josern Race 


The studies reported in this paper are a continuation of those 
recorded in last year’s JouRNAL (vol. 3, 1916, 439-449) and consti- 
tute a partial attempt to place water chlorination on a scientific 
basis. Until comparatively recently the data that we possessed 
were a disconnected mass of empirically established facts, and it is a 
regrettable feature that although it is on this continent that the art 
of chlorination has progressed the most rapidly, it is in Europe, 
under the stimulus of war, that it is being developed as a science. 
As chlorination becomes more general it becomes increasingly evi- 
dent that our stock of information regarding the conditions that 
tend to successful results is very meagre, and that the dosage is 
largely determined by the trial and error method. We are also 
lamentably ignorant as to the reason why some waters have but very 
small margins between the dose required for satisfactory purifica- 
tion and thac which causes complaints as to tastes and odors, while 
others have much greater ones and can easily absorb slight excesses 
of the sterilizing agent. Complaints that arise in this way are often 
ascribed to auto-suggestion by water works and health officials, 
but they are too often based upon solid fact to be disposed of in this 
manner, and the time and energy that have been devoted to de- 
luding the public might much better have been spent in improving 
present methods and so eliminating the cause for complaints. Chlo- 
rination is such a cheap and simple process that it is often consid- 
ered the ultima thule of chemical sterilization, but there is no reason 
to doubt that the present methods will be modified and considerably 
improved. A simple modification that has yielded good results 
with some waters will be described later, but before treating that in 
detail a few general factors will be considered. In the last paper, 
the author gave results showing the effect of time, mechanical ad- 
mixture, temperature, and organic matter upon chlorination by 


1 Read before the Chemical and Bacteriological Section of the Richmond 
Convention, May 10, 1917. 
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bleach and also the relative viability of various types of B. coli to 
chlorine. In the present paper the effect of acids, alkalies, and 
salts will be discussed and a new explanation given of the modus 
operandi of chlorination. 

All the experiments described below were made with the raw 
Ottawa river water, the general characteristics of which are as 


follows. 
parts per million 


Oxygen absorbed in 30 minutes at 100°C................ 9.0 -11.0 


Approximately 10 parts per million of calcium and magnesium 
sulphates and 0.5 parts per million of iron are usually present in 
addition to the bicarbonates and chlorides. The turbidity and 
color are recorded separately for each experiment. 

The bacteriological experiments were made by adding the various 
chemicals to the water, contained in glass bottles, after seeding with 
a pure culture of B. coli and plating out 10 cc. after the contact 
indicated in the tables; 40 cc. rebipelagar (neutral red lactose bile 
salt agar) were added to the water and the plates incubated for 
twenty-four hours at 37°C.; the characteristic red colonies produced 
by B. coli were then counted and recorded. The results obtained 
are recorded in table 1. 

Chlorides. The effect of small quantities of sodium chloride (up 
to 10 parts per million) is apparently very limited, but larger amounts 
tend to increase the velocity of the germicidal action of the hypo- 
chlorite. Sodium chloride itself has no effect on the viability of B. 
coli during the period covered, viz., five hours (experiments 1, 2, 
and 3). 

Caustic potash. In quantities up to approximately 5 parts per 
million caustic potash has but little effect. At 5 to 10 parts per 
million the velocity of the germicidal action is materially reduced 
but when higher amounts are present the germicidal action of the 
alkali itself begins to take effect and may entirely nullify the re- 
tarding effect on the hypochlorite (experiments 4, 5, and 6). 
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TABLE 1 
Effect of different quantities of several chemicals on the bacterial content of raw Ottawa 
River water. Results are B. coli per 10 ce. 
PHYSI- 
CONTACT PERIOD 
z TIONS 
Pp. p.m. Pp. p.m. 
Sodium chloride 
Nil 40| 4/143 97 35} 3 0 
1 0.40 1.0 97 37| 6 0 
10.0 88} | 35| 7 1 
90.0 75| | 17) 2 0 
Sodium chloride 
1.0 40} 10/133 94 46) 15 4 
2}; 0.40 { 5.0 103 13 3 
10.0 92 43] 12 5 
20.0 39} 6 0 
Sodium chloride 
Chlorin Nil 40} 60|214 209; (205/206; (202 
50.0 201} {203/206 
90.0 204208; (216 
Caustic potash 
Nil 4/258 155 131 0 0 
4 0.40 0.74 160 118) 0 0} 0 
7.4 150 118, 60 46) 0 
37.0 158 | 48 | Oo 
{| Caustic potash 
0.74 40} 4/185 75 40 0 
5| 0.40 4 3.7 112} | 90 0 
7.4 85 64 63 
18.5 | 43; | 44 
Caustic potash 
Chlorine Nil 40| 4/146 150 160 145)95 
6 7.4 126 140 128/87 
37.0 129 130} |121|34 
74.0 131 | 0 


4 
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TABLE 1—Continued 
PHYSI- 
é CONTACT PERIOD 
TIONS 
ADDED CHEMICAL > 
818 
Siélzicis 
p.m. p. p.m. 
Sulphuric acid 
Nil 40; 4) 80 51 25) 7 3 
7; 0.40 { 1.6 45) | 20) 4 0 
6.5 35 15| 1 0 
{ 16.3 17 3| 0 0 
Sulphuric acid 
Nil 40| 50/285 282 287 |285 282 
8 6.5 280| |282|262| +240 
16.2 285 285 |255 220 
32.5 290} 275/222) 190 
Carbonic acid 
9 Nil 40| 87 0 
0.35 Saturated 90} 70) 50 0 
Sodium carbonate 
Nil 30) 70 44| 40) 37 2 
10| 0.35 5.0 45) 38) 36 1 
25.0 52] 42) 38 1l 
{ 90.0 56| 44) 38 9 
Sodium bicarbon- 
ate 
Nil 38} 9/140) | 85] 82) 73 63 
5.0. 93] 75) 68 60 
| 25.0 90) 80) 65 60 
{ 90.0 93} 73) 35 28 
{| Effect of light 
12 0.35 { In bright sunlight | 38) 9/215 130/122) 61 0 
|| In dark cupboard 145/136|130 32 
Acids. The bleach solution used in experiment 9 contained 0.01 


per cent of available chlorine and was dissociated to the extent of 


40 per cent. 


than 95 per cent dissociated. 


This was carbonated until hypochlorite was more 


OO OE 


| 

| 
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The results of experiments 7, 8, and 9 show that small amounts 
of acid, whether added as a strong mineral acid, or a weak acid such as 
carbonic acid, increase the velocity of the action in a marked manner. 
Sulphuric acid alone has a germicidal effect but insufficient to ac- 
count for the observed effect of the addition of acid to hypochlorites. 


COMPARISON OF VARIOUS SOURCES OF CHLORINE? 


1. Bleach and chlorine gas. The results in experiment 13 show a 
slight difference in favor of the solution of chlorine gas, but it is so 
small as to be of no practical importance. A similar conclusion is 
reached by Avery (Report of the Ontario Provincial Board of Health, 
1914) after a number of experiments with sewage-infected water. 
The general characteristics of the water used by Avery are very 
different to those of the Ottawa supply; the Toronto supply is much 
harder (alkalinity about 100) and contains no color. The results 
obtained in Ottawa and Hull are perhaps of more value than labora- 
tory experiments. Both these cities take their supplies from the same 
river and from approximately the same location, and daily analyses 
extending over a period of years have proved that the raw water is 
the same in both cases. In Ottawa the water was treated with 
straight bleach and in Hull with liquid chlorine from a modern type 
of apparatus, both using the same dosage. When tap samples from 
the two cities were examined after the same contact period the re- 
sults were practically identical. For a short period liquid chlorine 
was used in Ottawa and the results were very similar to those ob- 
tained with the same dosage of chlorine as bleach. 

2. Bleach and electrolyzed salt. In experiment 14 there is a slight 
difference in favor of the electrolytic product but insufficient to be 
of practical significance. The electrolyzed salt solution was obtained 
from a large-sized Dayton cell and contained 13 pounds of salt per 
pound of available chlorine. 

3. Bleach and ammonium hypochlorite. The ammonium hypo- 
chlorite used in experiment 15 was prepared by double decomposi- 
tion of a solution of bleach by ammonium oxalate and removal of 
the calcium oxalate by centrifugalization. No excess of oxalate 


was present. 
The abnormally high efficiency obtained with what was presuma- 


2 See table 2. 


i 
3 
a 
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TABLE 2 
Comparison of various sources of chlorine. Results are B. coli per 10 ce, 
z 36 CONTACT PERIOD 
x 
3 < 2 
2 
p.p.m 
0.4) Liquid chlorine 40} 4)195|160 60 r | 36} 6 
0.4) Bleach 170 75 51) 30) 17 
13| 0.5] Liquid chlorine 150 26 1; 0} 0 
0.5| Bleach 160 30 1} 0} 0 
0.4 | Bleach 40} 4/182 130 66 3 0 
14/0.4 | Electrolyzed 
salt 115 60) 1; 0 
0.6 | Bleach 30 1 0) 0 
0.6 | Electrolyzed 
salt 25 0 0| 0 
0.3 | Bleach 4/440)/380 320 180} 26) 1 
15|0.3 | Ammonium 
hypochlorite 280) 80 4 0} O 
0.4 | Bleach 440/300 218 112) 6 1 
0.4 | Ammonium R 
hypochlorite 280) 30 0 
0.5 | Bleach 440)290 191 59] 2) O 
0.5 | Ammonium 
hypochlorite 280} 10 0 60} 
0.35 Nil |25)45) 58 31 27 20 1 
| Electrolytic (0.05 41 19 7 0 
(0.20|| hypochlorite (0.10 26 0 0 0 
[0.35 0.15 0 0 0 0 
‘Nil |) Nil 6|365|370 360 380|330) 260 
10.4 || Nil 240 118 9} 8| 4 
170.6 Bleach Nil 160 44 1} 0} O 
0.2 0.10 280 24 2; 0| O 
0.3 0.15 210 7 0} O| O 
0.4 0.20 115 3 
0.2 |) Nil 113 110/110 
0.5 || Nil 114 24 7; 0 
18|0.2 | } Bleach 0.05 72 7 3} 0 
0.2 || 0.10 76 4 0} 0 
0.2 |) 0.20 81 6 1| 0 
68 
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Se CONTACT PERIOD 
$| 8 
SOURCE OF zg 
CHLORINE 
al < [Ole 
m. m, 
0.2 |) Nil 8/173 165 155) |140) |130 
19/0.2 Bleach 0.025 150 120 4 0 
0.2 0.050 140 112 4 0 
0.2 0.100 135 105 3 0 
Nil 0.17 |40) 8/215 212 218 
20 | Nil 0.35 215 212 
Nil 5.00 210 205 
0.20} } Nil 5)130)135 130 120|120 
21/0.20) | Liquid chlo- |0.05 140 130 112)}145 
0.20 rine 0.10 130 128 110)160 
0.20 0.20 135 120 105)170 


bly ammonium hypochlorite was subsequently confirmed on several 
occasions. If the velocity of the germicidal action is calculated on 
the results obtained with 0.3 part per million of available chlorine 
the following values are obtained by means of the formula 


log — 
2 when ¢t, = 0. 
one 


v= 


VELOCITY COEFFICIENT OF panto AMMONIUM SALT 
Calcium salt | Ammonium salt peniieiclionne 
hours 
1 0.138 1.841 13.3 
4 0.099 +0.612 +6.2 


These figures indicate very clearly the marked increase in the 
velocity shown by the ammonium salt. From a consideration of 
‘the cnemical formula of ammonium hypochlorite it appeared proba- 


|_| 
tm 
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ble that it would be exceedingly unstable and decompose into 
chloramine and water according to the equation: NH,OC)] = 
NH,Cl + HO. Chloramine has previously been found to have a 
carbolic coefficient of 6.6 as compared with 2.2 for chlorine. (S. 
Rideal, Jour. Roy. San. Inst., 1910, 31, 33-45.) A dilute solution 
of pure chloramine can be prepared by Raschig’s method (Chem. 
Zeit., 1907, 31, 926) in which dilute solutions of bleach and ammonia 
are mixed in such proportions that the anhydrous ammonia is equiva- 
lent to the available chlorine (approximately two parts by weight 
of chlorine to one part by weight of ammonia). During the addi- 
tion of the ammonia the solution of bleach should be surrounded by 
a freezing mixture and the mixture kept as cool as possible until the 
evolution of gas has ceased. The solution is then saturated with 
zine chloride and magma distilled under reduced pressure. The 
distillate is a dilute solution of pure chloramine. Rideal (loc. cit.) 
found that mixtures of electrolytic hyphochlorite and ammonia 
produce chloramine and this is confirmed by the results given in 
experiment 16. The effect of adding ammonia to bleach solutions 
is shown in experiment 17. If the results are calculated by means 
of the formula given on page 69, the following velocity coefficients 
are obtained, ¢ being expressed in hours. 


STRAIGHT BLEACH | BLEACH PLUS AMMONIA, 


te—th Available chlorine parts per million 
0.40 | 0.60 | 0.20 | 0.30 | 0.40 | 
1.092 | 2.149 | 0.691) 1.440) 3.369 
0.490 | 0.919 | 1.182) 1.747) 2.085 
! 


Over a period of one hour the velocity coefficient of 0.20 part per 
million of chlorine plus an equivalent of ammonia is greater than 
that of 0.60 part per million of chlorine without ammonia. 

The next step was to determine the most efficient ratio of chlorine 
to ammonia. The results are given in experiments 18 and 19. Ex- 
periment 18 shows that there is apparently but little difference in 
the results when the ammonia is present in amounts that lie between 
one half the equivalent of the chlorine and double the equivalent. 
The tendency of amounts larger than the equivalent is an adverse 
one, due, possibly, to the production of hydrazine or ammonium 
chloride. Experiment 19 shows that when the ammonia is as low 
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as one quarter the equivalent of the chlorine, the velocity of the re- 
action is practically as great as when an equivalent is used. No 
satisfactory explanation of this can be advanced at present by the 
author, but in corroboration of the results the figures in table 3 are 
given, which show the rate of absorption of available chlorine for 
various ratios of chlorine and ammonia. 

Similar indications were given by testing the bleaching power of 
solutions containing various ratios of chlorine to ammonia. All the 
laboratory experiments that have been made, indicate that the 
effect of the ammonia is altogether out of proportion to its amount. 


TABLE 3 
Rate of absorption of chlorine 
10 parts per million of available chlorine added. Temperature, 65°F. 


CHLORINE PERCENTAGE OF ORIGINAL FOUND AFTER 
RATIO OF BY WEIGHT 

— 10 minutes 4 hours 20 hours 
Infinity. (ammonia absent).......... 66.8 40.0 28.1 


Ratio of 8 : 1 by weight = ratio of 4 : 1 in equivalents. 


EVIDENCE OF THE FORMATION OF CHLORAMINE 


So far as the author is aware, there is no specific test for chlora- 
mine, and although the evidence regarding the formation of this 
substance from ammonia and hypochlorites or hypochlorous acid, 
when present in equivalent amounts in dilute solution, is purely 
circumstantial it must be regarded as fairly conclusive. It has been 
suggested that the effect of the ammonia is to accelerate or intensify 
the oxidizing action of the hypochlorite, but this view is contrary to 
the evidence available. If the oxidizing action were intensified, the 
rate of absorption of available chlorine by waters containing appre- 
ciable amounts of organic matter would be more rapid after the 
addition of an equivalent of ammonia, but the data at the top of 
the next page show that the converse holds true. 
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ABSORPTION OF AVAILABLE CHLORINE AT 63°C. 
CONTACT PERIOD 
Chlorine as bleach _ Chlorine as chloramine 
minutes 

0 10.00 9.98 

5 6.50 9.98 

10 5.91 9.90 

20 5.18 9.90 

40 4.47 9.84 

60 3.96 9.88 

80 3.65 9.84 

1200 9.68 


The effect of the ammonia in this case was to reduce the rate of 
absorption to a negligible amount; the amount of chlorine absorbed 
in eighty minutes after the addition of ammonia is so small as to be 
almost within the limit of experimental error. 

Another method of estimating the effect of the ammonia on the 
oxidizing power of hypochlorites is by determining the bleaching 
action on dyestuffs. Indigo, as indigo carmine, is very suitable for 
this purpose, as it is first oxidized to isatin, a colorless compound, 
which is then converted to yellow chlorisatin by the action of chlo- 
rine. In one experiment it was found that 10 cc. of a bleach solu- 
tion containing 1 mgm. of available chlorine, after the addition of 
10 cc. of warm 25 per cent sulphuric acid, decolorized 13.0 cc. of a 
weak indigo carmine solution. When an equivalent of ammonia 
was first added to the bleach solution only 0.2 to 0.3 ce. was required 
to produce a blue color that was permanent for several hours. 
Similar results have been reported by Rideal for mixtures of 
sodium hypochlorite and ammonia and prove conclusively that the 
addition of the ammonia destroys the bleaching or oxidizing effect 
of hypochlorites. 

Although chloramine has no oxidizing value, it still retains the 
property of displacing iodine from potassium iodide and conse- 
quently gives the usual starch iodide reaction. The chlorine can 
also be precipitated by silver nitrate and the ammonia determined 
by the colorimetric method with Nessler’s reagent. 

Chloramine is very stable in very dilute solution and no loss of 
nitrogen or available chlorine occurs in mixing very dilute solutions 
of hypochlorites and ammonia, but when the solutions are more 
concentrated a serious loss of available chlorine takes place on 
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standing. This is especially marked if there is a local excess of 
ammonia, such as occurs on the addition of ammonia fort. A bleach 
solution containing 0.63 per cent of available chlorine lost 14 per 
cent of available chlorine in twenty hours, and 24 per cent in twenty- 
four hours, after the addition of dilute ammonia; when ammonia 
fort was used, the solution lost 89 per cent of its available chlorine 
in a few hours. On adding strong ammonia to bleach solutions a 
white precipitate of hydrate of lime is thrown down and a rapid 
evolution of nitrogen occurs. According to Raschig two competing 
reactions take place when the ammonia is in excess. 

(1) NH,Cl + NH; = N2H,y.HCl (Hydrazine hydrochloride) and 
(2) 3NH.Cl + 2NH; = Nz + 3NH,Cl 
When the excess of ammonia is large the second reaction predomi- 
nates and the yield of nitrogen gas is almost quantitively propor- 
tional to the available chlorine in the solution. 

Hydrazine has a carbolic coefficient of 0.24 (Rideal) and ammon- 
tum chloride has no germicidal action so that if ammonia is to be 
efficiently employed dilute solutions must be used and a local excess 
of ammonia avoided. 

It appeared possible that chloramine might be prepared by the 
electrolysis of ammonium chloride but, up to the present, efforts in 
this direction have not been successful. When warm concentrated — 
solutions are used, nitrogen trichloride (NCls) is formed. This is 
a heavy oily substance that is extremely unstable and highly ex- 
plosive. When dilute cold solutions are used, a small amount of 
available chlorine is produced but, owing to secondary reactions 
which result in the formation of free acid, the concentration does 
not increase. This chlorine is not of the nature of chloramine, 
because such solutions have a decided bleaching action on dyestuffs. 
When the production of acid is prevented by the addition of ammonia, 
hydrazine is apparently produced. Another compound of ammonia 
and chlorine is possible, viz., NHCle, dichloramine, but its method 
of preparation and properties are apparently unknown. 

The increased germicidal effect produced by adding ammonia to 
hypochlorites naturally suggests a similar mixture with a solution 
of chlorine gas but under the usual conditions this apparently has 
no abnormal value. <A typical example of this is shown in experi- 
ment 21. 

The results are explained by the fact that a solution of chlorine 
gas in water does not form hypochlorous acid and is consequently 


74 JOSEPH RACE 


unable to produce ammonium hypochlorite and chloramine. The 
addition of ammonia to solutions of chlorine gas almost entirely 
destroys both the oxidizing action and the germicidal action by the 
formation of inert ammonium chloride. In experiment 21 the effect 
of this salt is seen in the twenty-four hour results, which show that 
an aftergrowth of B. coli had occurred which was somewhat pro- 
portional to the amount of ammonia added. 


MODUS OPERANDI OF CHLORINE DISINFECTION 


When bleaching powder is the source of the chlorine the usual 
method of representing the reactions is by the following equations, in 
which the nascent oxygen is regarded as the active germicidal agent 

2CaOClh, = CaCh + Ca 
Ca (OC). + H:O + CO, = CaCO; + 2HCI + Oy 
or CaClhk + + O, 
Bleaching powder containing 38 per cent of available chlorine has 
the composition represented by the formula 4CaOCl, . 2Ca(OH)s .- 
5H20. When temperature conditions are favorable the chlorine 
content can be increased to 40 and 42 per cent, but such compounds 
are not so stable as the one represented by the above formula, 
which contains approximately 20 per cent of excess hydrate of lime. 
The stability of bleach solutions depends upon this excess of base 
(Griffen and Hedallen, J. Soc. Chem. Ind., 1915, 34, 530-532) and 
although magnesia can be partially substituted for the excess lime 
a minimum of 5 per cent of lime is required to ensure stability. 

Instead of a definite chemical compound, bleach should be re- 
garded as the solid phase of a three-component system which is in 
equilibrium only under the conditions of temperature and pressure 
obtaining during its manufacture. Although many of the altera- 
tions in equilibrium are of importance, the one of chief interest in 
disinfection is that produced by the addition of water. The best 
method of representing this alteration is by the equation 2CaOCl, + 
2H.0 @ CaCl, + Ca(OH)2 + 2HCIO. which accords with the fact 
that on distilling a solution of bleach with water or a dilute weak 
acid such as boric acid, a solution of hypochlorous acid is obtained. 
It also gives a clear explanation of the fact that ordinary bleach 
solutions give a higher chlorine content after acidification. It has 
been stated that when hydrochloric acid is employed the increase 
in the available chlorine is derived from the chlorine in the calcium 
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chloride, but this never occurs under ordinary conditions. Weak 
acids, such as acetic or carbonic acids, will give just as high results 
as hydrochloric acid. The effect of acids is to remove the hydrate 
of lime from the right hand portion of the equation and so enable 
the reaction to proceed entirely in that direction. According to 
the law of mass action a similar result should be obtained by in- 
creasing the molecules of water relative to those of bleach. The 
author carried out this idea with a 2 per cent bleach solution with 
the results given in table 4. 

The above figures only hold for the particular sample used; other 
samples containing different excesses of base would give different 
results. 

These results are in accord with the above hypothesis and also 
show that bleach solutions are entirely dissociated or hydrolyzed at 


TABLE 4 
Dilution of bleach 


DIRECT TITRATION X 100 
ACID TITRATION 


PERCENTAGE OF BLEACH IN SOLUTION 


2.0 30.8 
0.2 34.3 
0.1 41.8 
0.02 67.5 
0.002 100.0 


the dilutions used in water and sewage purification, provided the 
liquid does not contain substances that impede the dissociation. 
The dissociation can be reduced by the addition of lime water, 
caustic alkali or normal carbonate and increased by the addition of 
any acid that will neutralize and so remove calcium hydrate from 
the reaction. The effect of chlorides is anomalous and no apparent 
explanation of their action can be given. The addition of small 
quantities of sodium chloride (0:1 per cent) increases the dissociation 
of bleach solutions but much larger quantities tend to have the 
opposite effect. Bicarbonates increase the dissociation. These ob- 
served chemical effects are entirely in agreement with the bacterio- 
logical results given in table 1. 

A phenomenon of more scientific interest than of practical im- 
portance has been noted by Breteau (J. Phar. Chem., 1915, 12, 248) 
who found that alkaline solutions of sodium hypochlorite con- 
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taining 0.94 per cent of available chlorine lost 3.8 per cent of their 
titer on dilution with 80 volumes of water; also that this loss was 
increased by the addition of small quantities of salt (sodium chlor- 
ide) and more so by carbonates and bicarbonates. This has been 
found by the author to hold true for bleach solutions and that the 
loss increased on standing. It must be assumed that, in dilute 
solution and in the presence of light, there is a tendency for the 
reaction 2HCIO = 2HCl + O, to occur with loss of available chlo- 
rine. Carbonates and bicarbonates would increase the velocity of 
this reaction, but there is no apparent reason why common salt 
should have a similar effect. 

Sodium hypochlorite is probably hydrolyzed in dilute solution in 
a manner similar to bleach, 2NaOCl = NaCl + NaOH + HClO. 
For sofutions containing equal amounts of available chlorine, NaOCl 
is more dissociated than bleach because of the absence of an excess 
of base and this, together with the excess of salt, accounts for the 
slightly higher germicidal velocity obtained with electrolytic hypo- 
chlorite. The experience of pulp mills with bleach and electrolytic 
hypochlorite confirms this; the latter is a much quicker bleaching 
agent than bleach and it is often so rapid as to make it desirable to 
reduce the velocity by the addition of soda ash. 

The effect of salts and carbonates on solutions of chlorine gas has 
not been investigated and it is very difficult to deduce them from 
theoretical considerations on account of the extremely limited 
ionization of chlorine even in dilute solution. 

Both chloride gas and hypochlorite solutions have an oxidizing 
power equivalent to their chlorine content and both yield 16 parts 
of oxygen per 71 parts of available chlorine. When a solution of 
chlorine gas or a hypochlorite is added to water or sewage contain- 
ing readily oxidizable matter an equivalent of chlorine is dissipated 
and removed from the sphere of action. This may take place in 
two ways (1) by the addition of chlorine similar to the oxidation of 
ferrous chloride to ferric chloride or (2) oxidation by means of 
nascent oxygen produced by decomposition of hypochlorous acid 
or by the reaction of chlorine and water. If the reaction took place 
along the lines of the first suggestion an organic chloro-compound 
would be obtained in which the chlorine may not react in the usual 
way with silver nitrate. When bleach is added to the Ottawa 
River water the whole of the chlorine can be titrated with silver 
nitrate even after the whole of the free chlorine has disappeared 
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and it therefore seems probable that the oxidation proceeds in ac- 
cordance with suggestion 2. There is no reason for assuming, 
however, that the germicidal action property of chlorine and hypo- 
chlorites is due to the production of nascent oxygen for it is well 
known that such active oxidizing agents as sodium, magnesium, 
and hydrogen peroxides have a much lower germicidal power than 
chlorine when compared on the basis of their oxygen equivalents. 
This is shown in table 5 in which a comparison is made between 
bleach and potassium permanganate. 

In this experiment the chlorine is five times as active as potassium 
permanganate when calculated on their oxygen equivalents and 
this value would probably have been much higher if the water used 


TABLE 5 
Bleach and potassium permanganate. Results are B. coli per 10 cc. 


BLEACH. 
AVAILABLE 
CHLORINE, 0.35 POTASSIUM PERMANGANATE 
PARTS 


CONTACT PERIOD PER MELSON 


Oxygen equivalent parts per million 


0.08 0.133 0.266 0.40 
63 108 95 75 


had contained less organic matter. Hypochlorites have a much 
higher germicidal action than can be accounted for by their oxidiz- 
ing ability and are still more active when their oxidizing activity 
is destroyed by the addition of ammonia. The germicidal activity 
must consequently be attributed to some other cause and it seems 
probable that chlorine and certain of its compounds exert a direct 
toxic effect on organisms. 

Dakin (Comptes rend., 1915, 161, 150-153) from a study of his 
boricized solutions of hypochlorites iu the treatment of infected 
wounds has attributed the persistent action to the formation of 
chloro-amines by the reaction of protein and amino acids with hypo- 
chlorites. In a later paper (Dakin and Cohen, Brit. Med. Jour., 
1915, ii, 318) he reported the examination of a number of chlora- 
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mines and found that all substances containing the group: NCI were 
strongly antiseptic. One of these, paratoluenesulphochloramide, 
CH;.CsHy.SO2.NNaCl, has been placed on ‘the market under the 
name of chloramine T and is being extensively used in Europe for 
the treatment of wounds infected with the gas-gangrene bacillus, 
B. perfringens. Dilute hypochlorite solutions contain hypochlorous 
acid and the latter either exerts a direct toxic effect on the organisms 
or indirectly so after the formation of chloroamines by reaction 
with the protein and amino acids. Compounds such as chloramine 
produced by the reaction of hypochlorous acid and ammonia, would 
by analogy be strongly antiseptic themselves and also exhibit a 
marked tendency to react with compounds to form others contain- 
ing the group NCI. It is interesting to note that Cross and Bevan 
(J. Soc. Chem. Ind., 1908, 28, 260) have shown that chloramines 
have a tendency to combine with nitrogenous molecules and to be- 
come fixed on cellulose. It is possible that the action of chlorine 
and chloramine is a cytolytic one but the toxic action is probably 
much greater than can be accounted for in this manner. 


CHLORAMINE DISINFECTION IN PRACTICE 


At the time when the very abnormal results were obtained with 
ammonium hypochlorite the discovery appeared to be only of 
scientific interest and especially so inasmuch as Rideal had attrib- 
uted the obnoxious tastes and odors sometimes caused by chlori- 
nation to the formation of chloramines. During the winter of 
1915-1916, however, the price of bleach advanced to extraordinary 
heights and the author then determined to try out the process on a 
practical scale for the purification of water. A subsidiary plant 
pumping about 200,000 imperial gallons per day was found to be 
available for this purpose and the chloramine process was substituted 
for the bleaching powder method previously in operation. This was 
commenced by the addition of pure ammonia fort, in the calculated 
amount, to the bleach solutions contained in barrels. The results 
were not what were anticipated and it was found that the bleach 
solutions as received in the laboratory were far below the strength 
calculated from the amount of dry bleach used. This experience 
was repeated on subsequent days and the deficiency was found to 
increase with increased amounts of ammonia. Solutions of similar 
strength were then used in the laboratory with similar losses and it 
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was observed that on the addition of ammonia a copious evolution of 
gas occurred. This led up to the work reported on page 73 which 
showed that dilute solutions must be employed and prolonged con- 
tact avoided. Alterations were accordingly made in the plant and 
the bleach and ammonia were prepared in dilute solutions in separate 
vessels and only allowed to mix for a few seconds before delivery to 
the suction of the pumps. This method of application was instan- 
taneously successful and results equal to those obtained in the labo- 
ratory were at one secured. The dosage was reduced until the bac- 
teriological results were adversely affected and continued at values 
slightly in excess of this figure for some time to prove that the proc- 
ess was reliable. 

The results obtained on the experimental plant, together with 
those obtained on the main plant, where 20,000,000 imperial gallons 
per day were treated with straight bleach, are given in the tables 
6, 7, and 8. The two periods given are during the spring floods 
and that immediately preceding it. These represent the worst and 
the best water periods. The results in both cases are from samples 
which were examined approximately two hours after the application 
of the treatment. 


The cost data are calculated on recent spot prices for bleach and 
ammonia (26° B) in the United States, but if the prevailing Cana- 
dian prices are substituted the chloramine process shows an even 
greater economy. The results were so satisfactory that the author 
recommended the adoption of this method for the main plant and 


TABLE 6 
Comparison of hypochlorite and chloramine treatment 
Bacteriological results 


TREATED WITH TREATED WITH HYPOCHLO- 
HYPOCHLORITE ALONE RITE AND AMMONIA 


Bacteria 
per cubic 
centime- 


Bacteria 

per cubic 

centime- 
ter 


100 


Bacteria per 
cubic 
centimeter 


B Coli Index per 100 
parts per million 

Available chlorine 
parts per million 


Agar 1 day 
at 37°C 
B Coli Index per 


120.140. 


2460.74 


B Coli Index per 100 
ce. 


Agar 3 days 
Agar 1 day 

at 37°C 
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TABLE 7 


Percentage reduction 


HYPOCHLORITE ALONE HYPOCHLORITE AND AMMONIA 
Bacteria per . | Avail-| Bacteria per 
cubic centi- | B. coli able cubic centi- | B.- coli able 

meter index | ohlo- meter index | chlo- 


per 100 
Agar 1| Agar 3| centi- 


per 100 
cubic 


Agar 1| Agar 3| centi- | Parts 


day at days at meters million day & days at meters allies 
March 15-31........... 90.9 | 95.8 |99.9+] 0.90 | 90.9 | 95.0 | 99.7 | 0.22 
Po | A oe 98.9 | 99.6 | 99.7 | 1.10 | 98.3 | 98.9 | 99.6 | 0.25 
TABLE 8 
Cost per million imperial gallons 
HYPOCHLORITE | HYPOCHLORITE 
ALONE | AND AMMONIA 


Calculated on Bleach at $3.80 per 100 pounds and aqua ammonia (26°B) 
at 53 cents per pound. 


requested the permission of the local Board of Health to make the 
change. The matter was referred to the Provincial Board of Health 
who granted the request provided the chlorine dosage was not re- 
duced below 0.60 parts per million for at least six months. The 
effect of this would have been to render the treatment more costly 
than the straight bleach process and consequently nothing further 
was done. Early in 1917 the Canadian manufacturers again raised 
the price of bleach, to $5.10 per 100 pounds, and the permission of 
the civic authorities was then obtained for the proposed change at 
the main plant where 20,000,000 imperial gallons per day were 
being treated with bleach. The ammonia used in this instance 
was commercial aqua ammonia (26°B) containing approximately 29 
per cent of anhydrous ammonia. The material was first examined 
for the presence of such noxious substances as cyanides and found 
to be very satisfactory. 

. The chlorinating plant is situated in close proximity to the low- 
lift pumping station at the mouth of the intake pipe and at present 
(April, 1917) discharges a 0.6 per cent bleach solution through a 
2-inch galvanized iron pipe to the pumping station, where it is di- 
vided up by means of a manifold system and discharged into the 
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suctions of the pumps. The aqua ammonia is diluted in barrels to 
approximately 0.40 per cent strength and discharged through an 
orifice under constant head into the hypochlorite feed pipe as it 
enters the station. The dosage of bleach and ammonia is deter- 
mined by the strength of the solutions and by the heads on their 
respective orifices; and the mixtures of the two is divided among the 
pumps by regulating the valves on the discharge manifold until the 
water from all the pumps gives the same intensity of reaction with 
starch and potassium iodide. The low-lift pumps discharge into 
a common header from which the intake pipe carries the water to 
the high-lift pumping station situated some 5200 feet away. Cal- 
culated on the average daily consumption of water, a contact period 
of approximately twenty-five minutes is obtained before the treated 
water reaches the distribution mains. 


TABLE 9 
= 
1917 coLor | 

Raw | Tap Chlo- | Ammo- 

water |jsamples rine nia 
268 | 0.88 3 40 0.57 | 0.05 
250 | 0.96 4 40 0.32 | 0.11 
643 | 0.43 4 40 0.47 | 0.14 
5,228 | 0.14 31 32 0.60 | 0.10 


Early in February the change in the treatment was effected by 
gradually increasing the quantity of ammonia until a dosage of 0.12 
parts per million was reached and constantly decreasing the dosage 
of bleach, which was formerly 0.93 parts per million of available 
chlorine. During this period the results were constantly controlled 
by numerous bacteriological examinations which showed that the 
results were very satisfactory. When the dosage had been reduced to 
0.28 part per million of chlorine, the health authorities intervened, 
with the result that the dosage was instructed to be increased to 
the minimum recommended by. the provincial authorities. This 
has so far prevented a thorough test being made of the capabilities 
of the chloramine process but some results have been obtained that 
are of interest. The average B. coli results are given in table 9 
together with the physical data which show that the April period 

‘includes the spring flood period. 
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At the height of the flood period the water contained 80 parts per 
million of turbidity and 500 to 1000 B. coli per cubic centimeter yet 
satisfactory purification was obtained with 0.60 part per million of 
available chlorine and 0.13 part per million of ammonia. The tap 
samples at this time averaged 2.5B.coli per 100ce. Thetreated water 
taken on this day from Hull, where the same raw water is treated with 
0.7 part per million of liquid chlorine, gave a B. coli index of 26.7 
per 100 cc. and previous experience in Ottawa has shown that under 
similar physical and bacteriological conditions at least 1.5 parts per 
million were required to reduce the B. coli index to 2.0. It is very 
evident that, with normal turbidities of 4 to 8 and a B. coli index of 
20 to 50 for the raw water, the 0.6 part per million of chlorine to- 
gether with 0.10 of ammonia will provide a very generous margin of 
safety. Even at this excessive dosage the process is financially 
successful and is saving approximately $8 per day at the present 
time. 

The addition of ammonia has caused no complaints to be made 
regarding tastes and odors. Chloramine itself has a pungent and 
penetrating odor that is somewhat similar to that of chlorine but 
as tastes and odors seem to be associated with the chlorine part of 
the compound, any method that reduces the chlorine dosage also 
reduces complaints. This is one of the most valuable features of 
the new process and one that should commend itself to those who 
have to treat waters that have small margins between the dosage 
required for satisfactory purification and that which causes com- 
plaints. The chloramine process can be most efficiently employed 
by using small doses and long contact periods but there is, of course 
an economical limit to the contact period in water works practice. 
Waters that are very free from oxidizable matter will probably not 
give the same relative efficiency with chloramine treatment as that 
shown by the Ottawa River and on the other hand higher ratios 
should be obtained with sewage and sewage effluents. 
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MINNESOTA SECTION 


A meeting of the Section was held at Mankato on November 10, 
1917, with Vice-chairman G. O. House presiding. A paper by F. 
W. Cappelin on ‘Advantages of a Local Section of the American 
Water Works Association” was read by L. I. Birdsall and discussed 
by Messrs. House and F. H. Bass. A paper on ‘Some Problems in 
the Management of a Private Water Company” was read by T. C. 
Gordon and discussed by Messrs. House, Bass and Whittaker and 
the author. A paper on ‘Some Features of Artesian Well Construc- 
tion in Mankato” was read by H. F. Bloomquist. There were 
informal discussions of (1) leaks in water mains, (2) labor-saving 
instruments in water works operation, (3) water distribution prob- 
lems, and (4) water purification problems. 

The following officers were elected: chairman, G. O. House; 
vice-chairman, H. F. Bloomquist; secretary-treasurer, H. A. Whit- 
taker; trustees, T. C. Gordon, W. F. Todd, L. I. Birdsall. 


NEW YORK SECTION 


A meeting of the Section was held at the Park Avenue Hotel, 
New York, on October 18, 1917, with Chairman Allen Hazen pre- 
siding and about 75 members and guests present. A paper on the 
“Catskill Water Supply System” was read by J. Waldo Smith and 
illustrated by lantern slides. It was followed by an account of the 
utilization of the Catskill supply, given by H. B. Machen, and a 
discussion by Messrs. Hazen, W. W. Brush, J. M. Diven, F. T. 
Kemble and Morris Sherrerd. 

A meeting of the Section was held in New York on December 
19 at which papers on the water supplies of the National Army 
Cantonments were read by George W. Fuller and Nicholas S. Hill, 
Jr., and discussed by Messrs. Allen Hazen, W. R. Conard, J. M. 
Diven, B. B. Hodgman, J. Waldo Smith and W. W. Brush. 
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NEW MEMBERS 


Active 


John F. Clinkenbeard, Water Commissioner, Missouri Valley, 
Iowa. 

Jacob L. Crane, Jr., Assistant State Sanitary Engineer, Lansing, 
Michigan. 

Percy Gray, Pumping Plant Manager, Jefferson, Iowa. 

A. E. Hansen, Hydraulic and Sanitary Engineer, 2 Rector Street, 
New York, New York. 

Edgar P. Kable, Assistant Secretary York Water Company, 
York, Pennsylvania. 

John A. Poland, Secretary and Attorney Gas and Water Com- 
pany, Chillicothe, Ohio. 

E. F. Mohrhardt, Secretary Board Fire Underwriters of the 
Pacific, San Francisco, California. 

Earl I. Roberts, State Department of Health, Columbus, Ohio. 

C. O. Romig, Secretary and Superintendent Water Supply Com- 
pany, Denison, Ohio. 


Corporate 


Department of Public Utilities, Portland, Oregon. 
Stockton Water Works, Camden, New Jersey. 


Associate 


DeLaval Steam Turbine Company, Trenton, New Jersey. 
Donaldson Iron Company, Emaus, Pennsylvania. 
Portland Cement Association, Chicago, Illinois. 


OBITUARY 


Joseph E. Fulper, Superintendent and Secretary, Washington 
Water Company, Washington, New Jersey, December 20, 1917. 

Henry M. Hanssen, C.E., Carroll, Iowa, December 25, 1917. 

Thomas C. Irving, Jr., Vice President Robert W. Hunt and Com- 
pany, Ltd., Toronto, Ontario. Killed in Action in France, October 
30, 1917. 

Homer Dayton Langworthy, Jr., Superintendent Water Works, 
Macon, Georgia, December 11, 1917. 
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ROLL OF HONOR 


The following is a list of our members and sons of members who 
are serving with the American and Allied forces: 


AmsBary, Hartow A. (son F. C. Amsbary), 2nd Lieutenant 6th 
C.A.C.A. E. F. 

BaBBiTT, Harotp Eaton, Captain Engineers, U. 8S. R., A. E. F., 
France. 

Bartow, Epwarp, Major Sanitary Corps, A. E. F., France. 

Bascom, G. R., Major Sanitary Corps, Unassigned. 

Bassett, CHARLES K. (Buffalo Meter Company), Ist Lieutenant 
Ordnance Department, Washington. 

BaTCHELDER, Rospert F. (son G. W. Batchelder), Paymaster 
U.S. Navy. 

BENNETT, A. N., Ist Lieutenant 337th F. A. R. C., Camp Dodge, 
Iowa. 

Berry, Loren J. (son J. P. Berry), Sergeant, Medical Corps, A 
E. F., France. 

Buack, E. B., Captain Aviation Section Signal Corps. 

Buiack, Gurpon G., Captain Engineer Corps, Regimental Adjutant, 
314th Engineers, Camp Funston, Kansas. 

Buarr, McCrea Parker, Infantry Commander, Co. G., No. 1 
Depot Battalion, M. D. 10, Canada. 

Bow zs, JAMEes T. B., Major, Sanitary Corps, Surgeon General’s 
Office, Washington, D. C. 

BRENNAN, B. C., Captain Engineer Corps, A. E. F. 

Brown, Rassetas Witcox, Infantry, Co. A, 112th Regiment, 
Camp Hancock, Georgia. 

Brown, Rosert Huse, Captain Sanitary Corps, N. A. 

Buswett, A. M., Lieutenant Sanitary Division Medical Corps, 
A. E. F., France. 

Carr, JOsEPH ARTHUR, Aviation Section, Signal Corps, Camp Lee, 
Virginia. 

GrorGe Bacteriologist, 26th Engineers, 
A. E. F., France. 

CuEenry, JosepH Y., 2nd Lieutenant O. R. C., Co. H, 17th In- 
fantry, Camp Forrest, Ga. 

Curry, Dr. D. P. (State Board of Health, Kentucky), Captain 
M. R. C., Fort Oglethorpe, Georgia. 
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Curisi£, J. G. C., Lieutenant Engineer and Construction Depart- 
ment, Aerial Service, Signal Corps, wr Field, No. 1, San 
Antonio, Texas. 

Crow, E., Jr. (J. B. Clow & U. 8. N. Training 
Station, Illinois. 

Dantets, Francis E., Captain Sanitary Corps, Camp Greene, 
North Carolina. 

Daprert, JAMES I. (son J. W. Dappert), O. T. C., Camp Stanley, 
Texas. 

Daprert, JoHn VY. (son J. W. Dappert), 2nd Lieutenant, Head- 
quarters Co. 130 Infantry, Camp Logan, Texas. 

DappertT, MERLIN L. (son J. W. Dappert), O. T. C., Camp Stanley, 
Texas. 

Dappert, ANSELMO F, (son J. W. Dappert), O. T. C., Camp Stan- 
ley, Texas. 

Diven, J. M., Jr., 2nd Lieutenant Ordnance Department, Trench 
Warfare Section, U.S. Filling Plant, Edgewood, Maryland. 
Doren, Leonarp 8., Captain Q. M. R. C., War Department, Wash- 

ington. 

Ferauson, H. F., lst Lieutenant 157th Engineers, New York City. 

Fritze, L. A., 1st Lieutenant Field Laboratory, 42nd Division 
Rainbow, A. E. F., France. 

Gavett, Weston, Ist Lieutenant Sanitary Corps, Commanding 
Sanitary Squad No. 1, 28th Division, Camp Hancock, Georgia. 

GooDELL, JoHuN B. (son J. M. Goodell), U. S. Naval Reserve. 

Gooprick, Epear C. (son E. H. Goodrick), Chief Q. M. Signals, 
U.8.58. Florida, in foreign waters. 

Grasty, R. L. (son E. C. Grasty), Infantry Co. F., 158th, Camp 
Kearny, California. 

Gwinn, Paut C. (son D. R. Gwinn), Artillery Co. D., 309th Am- 
munition Train, Camp Zachary Taylor, Kentucky. 

Hate, Ricwarp Kine, Lieutenant Colonel 26th Division 101st 
Field Artillery, A. E. F., France. 

HaNnseEN, Pau, Captain Engineers, A. E. F., France. 

Haskins, C. A., Captain Sanitary Forces, N. A., Fort Oglethorpe, 
Georgia. 

HazLenurst, JAMES NisBeT, Major U. 8. R. Engineers, A. E. F., 
France. 
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Henprick, Wattace M., Ist Lieutenant Engineers, U. S. R., 
301st Engineers, Camp Devens, Massachusetts. 

Hitt, Wiiu1aM R., Jr. (son W. R. Hill), Co. D., 5th Engineers, 

Camp Christie, Texas. 

HowE., Breaupric L. (son D. J. Howell), E. O. R. C., 104 Engi- 
neers, Camp McClellan, Alabama. 

Huuick, WituiamM H., Jr. (son W. H. Hulick, President Warren 
Foundry and Machine Company,) U. 8. N. Destroyer Manley. 

IrvinG Tuomas, C., Jr., Lieutenant Colonel Royal Canadian 
Engineers.! 
Irwin, C. Russet (son T. E. Irwin), 102nd Field Signal Battalion, 
Hospital Corps, Sanitary Squad, Camp Wadsworth, S. C. 
Irwin, Rate Epwarp, Captain Sanitary Corps, N. A., U. S. 
Filling Plant, Edgewood, Maryland. 

Inman, A. W., Home Guards, Massillon, Ohio. 

JARVIS, ALEXANDER CHARLES, Lieutenant Royal Engineers, Lon- 
don, England. 

JOHNSON, GEORGE 8S. (son Peter Johnson), Flying Cadet Aviation, 
Squadron 13, Signal Corps, Memphis, Tennessee. 

Kent, W. T. (son J. F. Kent, Manager American Cast Iron Pipe 
Company,) Aerial Service. 

KirRKPATRICK, Eart T., U. S. R. C., Fort Snelling, Minnesota. 

Leg, CHARLES H., Ist Lieutenant C. of E., U.S. R., A. E. F., France. 

LeiseN, THEODORE A., Major Q. M. R. C., Officer in charge of 
Utilities, Q. M. C., Camp Custer, Michigan. 

LeiseN, THEODORE A., Jr. (son T. A. Leisen), Naval Reserve, 
U.S. S. DeKalb. 

LittLe, Daviy BEEKMAN (son Beekman C. Little), U. S. N. R., 
Pelham Bay Park, Naval Station, New York. 

Loneuey, Francis F., Major Engineers, A. E. F., France. 

Lucas, Daniex R. (son H. L. Lucas), Co. A, 108th U. S. Engineers, 
Camp Logan, Texas. 

Luce, HerBert P. (son W. H. Luce), Captain Co. C., 305th Ma- 
chine Gun Battalion, Camp Upton, Long Island. 

Luce, Rosert F. (son W. H. Luce), Aviation. 

McCormick, Rosert, Co. D, 26th Engineers, Camp Dix, New 
Jersey. 

GeorGE E., Lieutenant U. Navy, Assistant Sur- 
geon U. S. Naval Hospital in charge of laboratories, New York. 


1 \Xilled in action October 30, 1917. 
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McRae, Henry C., Ist Lieutenant E. O. R. C., Co. C., 318th 
Engineers, Van Couver Barracks, Washington. 

McWiu1aMs, Joun §. (son C. Q. McWilliams), Aviation, A. E. F., 
France. 

Maury, Dasney H., Major, E. R. C., Officer of Cantonment Con- 
struction, Washington, D. C. 

Maury, Dasney H., Jr. (son Dabney H. Maury), American 
Ambulance Service, A. E. F., France. 

BucxincHam (son H. A. Miller), Lieutenant 27th Engi- 
neers, Camp Meade, Maryland. ~ 

Miter, Donatp F. (son S. F. Miller, President Pacific Flush Tank 
Company), Ensign N. R. F., Nantucket, Massachusetts. 

Hrram ALLEN, Jr. (son H. A. Miller), Lieutenant 5th 
Field Artillery, A. E. F., France. 

Miter, F. (son F. Miller, President Pacific Flush Tank 
Company), Ordnance Engineers, Carriage Department, Wash- 
ington, D. C. 

MitcHeELL, CHaRLEs H., Lieutenant Colonel D. 8. O., C. M. G., 
Chief of Intelligence 2nd British Army, B. E. F., France. 
Honors: Distinguished Service Order, Companion of St. 
Michael and St. George, Officer of Legion of Honor (France) 
Officer of Order of Leopold (Belgium); three mentions. 

Mve tier, Lucian W. (son Philip Mueller, H. Mueller Mfg. Co.), 
Ord. 

MveEttier, Witu1AM Everett (son Adolph M. Mueller Mfg. Co.), 
A. N. O. R. 

Morpuy, Atvin R., Captain E. R. C., A. E. F., France. 

Murray, Harry E., Captain Q. M. C., Scofield Barracks. 

Powers, JEROME, Ist Lieutenant U. S. R., 24th Engineers, Camp 
Dix, New Jersey. 

Puacu, Marswatu R., Major 21st Engineers, A. E. F., France. 

Rug, Orie (son J. A. Rue), Ist Sergeant, Signal Corps, Camp S. 
F. B. Morse, Texas. 

Rust, Frep C. (son C. H. Rust), 16th Canadian Reserve Battalion, 
B. E. F. 

Ruttan, H. N., Brigadier General Commanding M. D. 10, Winni- 
peg, Canada. 

Ry.anp, Reis J. (son J. R. Ryland, President San José Water Co.), 
8. O. R. T. C., Camp Morse, Texas. 

Scuarrr, Maurice Roos, Ist Lieutenant O. R. C., A. E. F., France. 
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Smitu, Merrirtr H., Colonel 104th Field Artillery, Camp Wadsworth, 
South Carolina. 

Spear, WatTeR E., Major U.S. R., Q. M. C., in charge of Camp 
Utilities, Camp Upton, New York. 

SPEPHEN, CHARLES, Engineer Lieutenant His Majesty’s Navy, 
H. M. 8S. Glorious. 

Suter, Russeuu, Captain E. O. R. C., A. E. F., France. 

VoLkHarpT, A. N. (son William Volkhardt), 2nd Lieutenant Signal 
Corps, Aviation Section, Headquarters Cornell School of Avia- 
tion, Ithaca, N. Y. 

Waker, Etron D., Captain Co. A, 15th U.S. Engineers, A. E. F. 

WickHaM, JAMeEs Royal Engineers, British Army. 

West, VrerNoN F., Lieutenant U. 8. Navy. 

WILLIAMS, GARDNER §8., Engineer Corps, Cantonment Division, 
Washington, D. C. 

WuiTMAN, Ezra B., Major and Mayor Camp Meade, Maryland. 

WorTHEN, Jesse M., Captain E. R. C., Co. C, 33rd Engineers, 
Camp Devens, Massachusetts. 

Wynne-Roserts, Miss Buppry (daughter R. O. Wynne-Roberts), 
B. E. F., Rouen, France. 

WynneE-Roserts, Lewis (son R. O. Wynne-Roberts), Lieutenant 
Royal Engineers, Bangalore, India. 

YEARANCE, ALEXANDER W. (son W. B. Yearance), Lieutenant 
Co. F., 305th Engineers, Camp Lee, Virginia. 
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